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THE EFFECTS SUBDURAL INJECTIONS LEUCO- 
CYTES THE DEVELOPMENT AND COURSE 
EXPERIMENTAL TUBERCULOUS 
MENINGITIS. 


SECOND PAPER.* 


WILFRED MANWARING, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


the first paper’ was shown that the injection virulent 
tubercle bacilli into the basal meninges dogs causes tuberculous 
meningitis characterized latent period from five thirty 
days, depending upon the dosage and virulence the injected 
organism, followed period increasing paralysis and inco- 
ordination, ending almost invariably death. was further 
shown that the injection living canine leucocytes into the menigeal 
cavities these dogs, during the latent period the disease, 
causes delay the development the paralytic symptoms and 
prolongation the life the treated animals. 

This delay was most marked dogs inoculated with small doses 
the less virulent strains tubercle bacilli. number the 
treated dogs inoculated had developed paralytic symptoms 
the time the first paper went press (five months), while the un- 
treated control dogs had all developed paralytic symptoms after 
incubation period about four weeks, from which half the 
control dogs had already died. The clinical history these dogs 

This result was sufficiently encouraging warrant more exten- 
sive study the effects leucocytic injections, particularly study 
the effects injections under conditions applicable human 
medicine. evidently would quite difficult with human beings 
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use homologous leucocytes therapeutic agent. Leucocytie 
therapy would easy, however, were found possible use 
leucocytes other than those human origin. was therefore 
desirable, initial step, determine whether not the same 
delay can brought about the development the paralytic 
symptoms inoculated dogs the use foreign. leucocytes, and, 
so, whether not similar delay can produced foreign 
leucocytes animals whose susceptibility tuberculosis 
nearly approaches that human beings. the present paper 
attempt has been made answer these two questions. 

Considerable work has already been done the possible thera- 
peutic uses foreign leucocytes. particular interest the 
present connection are the studies Pettersson co-workers, 
who have tested the prophylactic and curative subcu- 
taneous and intraperitoneal injections foreign leucocytes 
number experimental infections, including experimental tubercu- 
losis the guinea Equally suggestive the 
and his colleagues, who have studied the 
leucocytic 


EXPERIMENTS 


Foreign use foreign leucocytes 
meningeal infections dogs limited their great toxicity 
when injected into the subdural spaces these animals. Rabbit 
leucocytes,* injected doses from 0.7 one centimeter, 
apparently always cause The dogs recover normally from 
the etherizations necessary for the injections, and show immediately 
after recovery unusual symptoms. About two hours later there 
beginning rigidity, and respiratory distress, in- 
creasing collapse the fourth hour, and death the sixth 
hour. occasional dog survives till the twenty-fourth hour. 


Kling, C., Ztschr. Orig., 1910, vii, 

H., Jr., and Zinsser, H., Jour. Med. Research, 1908, xiv, 321; 
XV, 245. 

“For the method used obtaining aseptic rabbit horse leucocytes, see 
Manwaring, H., Jour. Exper. Med., 1912, xvi, 250, 253. 

The inoculations and treatments the dogs were made under morphin-ether 
anesthesia. 


= 


Effects Subdural Injections Leucocytes. 


The cause death these injected dogs has not yet been fully 
defermined. Rabbit leucocytes, killed repeated freezing and 
thawing, cause serious symptoms. The same true aque- 
ous extract rabbit leucocytes. Autopsies dogs dying after the 
injection rabbit leucocytes show hemorrhagic condition the 
subdural tissues, suggesting the action hemorrhagin. 

Horse leucocytes are less toxic for dogs. From one three 
cubic centimeters can injected into the cerebral meninges with 
comparatively few toxic symptoms. Approximately quarter 
the dogs injected die within few hours after the injection; 
but this mortality not greater than the mortality previously noted 
after the injection dog leucocytes. Horse leucocytes were there- 
fore selected the therapeutic agent tested with dogs. 

The use horse leucocytes, however, limited their increased 
toxicity second injection, when injected into meninges the 
seat pathological lesion. The second injection horse leu- 
cocytes into normal meninges, from five seven days after the 
first injection, apparently invariably fatal. fatal result appar- 
ently always follows the injection horse leucocytes from seven 
ten days after the inoculation the meninges with tubercle 
bacilli. 

This limits the study the effects local injections horse leu- 
cocytes meningeal tuberculosis dogs determination the 
effects single injection the leucocytes made simultaneously 
with the initial inoculation with tubercle bacilli. 

Effects Simultaneous Inoculation with Horse Leucocytes and 
Tubercle Bacilli—The injection from one three cubic centi- 
meters horse leucocytes into the basal meninges dogs, simul- 
taneously with the inoculation the meninges with minimal doses 
tubercle bacilli, apparently without effect upon the development 
and course the subsequent tuberculous meningitis the majority 
the treated animals (figure 2). There is, however, certain 
number the treated animals, slight prolongation the latent 
period, and one them (E) the subsequent paralytic symptoms 
have been unusually mild. 

These effects, however, are very slight when compared with the 
remarkable prolongation the latent period previously observed 
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Effects Subdural Injections Leucocytes. 


after the injection dog leucocytes (figure 1). The average 
length the latent period the untreated control dogs this 
group was thirty-eight days, that the treated dogs, fifty-seven 
days, giving average prolongation but nineteen days, com- 
pared with the five six months’ prolongation obtained with dog 
leucocytes. 

The various samples horse leucocytes used these injections 
differed their toxic effects. While one sample caused stupor and 
even paralysis, lasting for from one three weeks, second 
sample, obtained under apparently identical conditions, caused only 
slight quietness the injected animal, which disappeared within 
few days. was noted that the prolongation the latent period 
was produced only the less toxic samples the leucocytes. 

The autopsy findings the dogs dying after these inoculations 
and treatments are similar those described the previous paper. 
constant differences have yet been found between the anatomical 
pictures the treated and untreated dogs. 
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Docs. Three dogs (G, I), with controls (g, i), were inoculated 
and treated the method lumbar puncture. One the treated dogs (I) 


has shown slight prolongation the latent period, and exceptionally mild 
subsequent paralytic symptoms. 


Following observation with monkeys, described the latter 
part this attempt was made vary the technique the 
inoculations injecting the bacilli and leucocytes into the spinal 
meninges rather than into the basal meninges the brain. Spinal 
ordinary lumbar puncture. The fore quarters the 
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dog are elevated till its back nearly vertical, and long, slender, 
hypodermic needle then passed obliquely through the lumbar en- 
largement the cord, till the escape cerebrospinal fluid shows 
that the needle has passed into the subdural space. the subse- 
quent clinical picture allowance has made for the occasional 
paralysis resulting from the necessary injury the cord substance. 

small group dogs which the inoculations were made 
the method lumbar puncture shown figure the 
average length the latent period the same the treated and 
untreated dogs this group, one the treated animals (I) has 
shown slight prolongation the latent period and distinct les- 
sening the severity the subsequent paralytic symptoms. 
This result, however, more striking than the result obtained 
above, the routine method cranial inoculation. 

The results from the study these two groups dogs, however, 
were considered sufficiently encouraging warrant extension 
the problem other animals which the study was not greatly 
limited the toxicity the injected leucocytes. The work was, 
therefore, repeated monkeys. 


EXPERIMENTS MONKEYS. 


Toxicity Foreign leucocytes are ap- 
parently much less toxic for monkeys. This possibly depends upon 
the relatively greater capacity the subdural space monkeys, 
which tends prevent any great sudden increase cerebrospinal 
pressure result local inflammatory reaction. 

Rabbit leucocytes can injected into the subdural space 
monkeys doses high one cubic centimeter, without the pro- 
duction fatal symptoms. This injection can made either into 
the spinal meninges the ordinary method lumbar puncture, 
into the cerebral meninges the cranial-trephine method previously 
described for dogs. The monkeys are usually somewhat quieter 
than normal for day two after the injection, and there are 
occasionally cranial tenderness and transient paralyses; but there 
not the collapse and respiratory distress observed dogs. Horse 
leucocytes are apparently even less toxic, and can injected 
doses two cubic centimeters. 
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Monkeys, also, can safely reinjected with foreign leucocytes 
after interval from five seven days, without the production 
unusually severe symptoms. reinjected sooner than that, 
after interval but three days, the monkeys often die with the 
symptoms collapse and respiratory distress described above. 
unusually severe symptoms are observed monkeys the leu- 
cocytes are injected into meninges previously inoculated with tu- 
bercle bacilli. 

Inoculation the Meningeal Cavity with Tubercle 
monkeys, inoculation the meningeal cavity can readily made 
the method lumbar puncture. The tuberculous meningitis 
produced such inoculations gives clinical picture similar that 
chserved dogs. Following the inoculation there latent 
incubation period several weeks, during which time charac- 
teristic symptoms are observed. the later stages this period 
the animal may somewhat quieter than normal and may show 
greater tendency chatter cry out when disturbed. This 
latent period followed period increasing paralysis and 
ending collapse and death. paralysis after 
lumbar inoculation invariably begins the hind legs. 

The beginning the paralysis usually less easily detected 
monkeys than dogs, due their great activity. monkeys, 
dogs, the disease apparently invariably fatal. 

The autopsies monkeys dying result lumbar inoculation 
usually show layer diffuse tuberculous tissue filling the sub- 
dural space, with more less necrosis and infiltration the super- 
ficial portions the spinal cord and nerve trunks. The most im- 
portant finding for our present purpose, however, the almost 
constant presence extradural tuberculosis these animals. Ex- 
tending some cases the entire length the spinal cord, but gen- 
erally confined few centimeters above and below the site inoc- 
ulation, are numerous miliary and conglomerate tubercles, which 
fill and often entirely replace the extradural spinal tissue. These 
extradural tubercles are usually not adherent the dura, and evi- 
dently arise from leakage the infectious agent into the extra- 
dural tissue spaces through the dural puncture made the time 
the inoculation. 
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Since these extradural lesions cannot reached therapeutic 
agent injected into the meningeal cavity, and since their presence 
alone would sufficient cause paralytic and ataxic symptoms, the 
constant presence extradural tuberculosis monkeys inoculated 
the method lumbar puncture renders inoculation and treat- 
ment this method impracticable the present investigation. The 
later. inoculations and treatments herein reported were therefore 
made through permanent wax-trephine opening the skull, de- 
scribed for dogs the preceding paper. 

The clinical picture monkeys inoculated the cranial method® 
similar that after inoculation lumbar puncture. The initial 
paralyses are possibly less liable confined the hind quarters, 
and occasionally death occurs even without the presence definite 
paralysis, there being only increased quietness and stupor, with 
slight spasticity the neck muscles. 

For our present purpose the most important autopsy finding 
monkeys inoculated the cranial method the complete absence 
extradural tuberculosis. The extradural tissues have been found 
free from tuberculosis all monkeys inoculated this 
method. 

The distribution the tuberculous lesion within the meningeal 
cavity, however, differs somewhat these animals from the dis- 
tribution after lumbar inoculation. Scattered over the surface 
the brain are numerous tubercular foci, usually small, well marked 
tumor masses. The main lesion, however, these monkeys, 
monkeys inoculated lumbar puncture, situated and around 
the lower half the spinal cord. Here the subdural space usually 
completely filled with diffuse and conglomerate tuberculous tissue. 
would appear though most the injected tubercle bacilli had 
gravitated the lower levels the cord, result the con- 
stant upright position the animals. 

Effects Leucocytic the earlier experiments 
number monkeys were inoculated and treated the simpler 
method lumbar puncture. Those the earlier monkeys that 
received simultaneous subsequent injections horse leucocytes 
are shown figure the treated monkeys this group devel- 


inoculations were made under ether anesthesia. 


oped paralytic symptoms occasionally even after shorter incubation 
period than the untreated controls. The average length the 
incubation period the treated monkeys this group was shorter 
than that the untreated controls, was also the average duration 
life. 

This experiment, however, not thoroughly conclusive the 
negative value the injection horse leucocytes, since there was 
with each member this group loss from the meningeal cavity 


Days 


n 


L’, M), with controls (j, m), were inoculated the method lumbar 
puncture, and given simultaneous and subsequent injections horse leucocytes. 
The number cubic centimeters per cent. suspension leucocytes 
injected are shown the small exponents. 

Two the treated monkeys (J, showed distinct shortening the 
latent period, and (L’) possible prolongation that period. 
Autopsies showed extradural tuberculosis all the members this group. 


part the injected dose tubercle bacilli, with the setting ex- 
tradural tuberculosis. 

second group monkeys, also inoculated the method 
lumbar puncture, was given simultaneous and subsequent injections 
with rabbit leucocytes (figure 5). one the treated monkeys 
this group (O) there was considerable prolongation the 
latent period, and second monkey (P), killed the end seven 
months, during which time had shown paralytic symptoms, was 
found autopsy apparently free from tuberculosis. Whether 
this means actual prevention the development tuberculosis 
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this animal result the injections rabbit leucocytes, 
merely that the monkey selected possessed unusual resistance 
tuberculosis, can determined only repetition and extension 
this work. 

These earlier observations with rabbit leucocytes, uncertain 
their interpretation may be, were sufficiently suggestive warrant 
study the effects rabbit leucocytes when injected under con- 
ditions that eliminate the confusion from extradural tuberculosis, 
and rule out the possible experimental error from individual varia- 
tions resistance. study the effects injections rabbit 
leucocytes the cranial method was, therefore, begun. 
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Fic. Monkeys. Five monkeys (Q, Q’, 
S’), with controls (q, s), were inoculated and treated the cranial- 
trephine method. There was practically difference observed between the 
treated and untreated monkeys this group. This negative result, however, 
not necessarily final, due the possibility the monkeys this group 
having been given overdose the infectious agent. All the monkeys 
this group were free from extradural lesions. 


group monkeys, inoculated and treated this method, 
shown figure The five monkeys this group receiving 
simultaneous and subsequent injections with rabbit leucocytes, all 
developed paralytic symptoms after practically the same incubation 
period the three untreated controls. All the monkeys this 
group died practically the same time. The autopsies showed 
subdural tuberculosis all the members the group, the dis- 
tribution the lesions being practically the same the treated and 
untreated animals. 
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far, however, the dosage the tubercle bacilli injected 
this group was based upon the earlier experience with lumbar inocu- 
lations, which there was considerable loss the infecting 
agents from the meningeal cavity, conceivable that all the mon- 
keys the group received overdose the infectious agent. 
will recalled that the first paper the dogs receiving overdose 
tubercle bacilli showed prolongation the latent period 
treatment with dog leucocytes. was only when the dosage was 
reduced that prolongation was observed. The probability, how- 
ever, against there having been such overdose, since there was 
long latent period with all the members this group. The work 
with monkeys being continued. 


SUM MARY. 


Rabbit leucocytes, injected into the basal meninges dogs, 
doses from 0.7 one cubic centimeter apparently invariably cause 
death. Horse leucocytes, injected the same amounts, cause death 
about per cent. the dogs. 

The injection foreign leucocytes into the meninges monkeys 
causes few any symptoms. 

The injection from one three cubic centimeters horse 
leucocytes into the meningeal cavities dogs, simultaneously with 
the inoculation the meninges with tubercle bacilli, causes slight 
delay the development the paralytic symptoms about half 
the treated animals. This delay, however, very slight when 
compared with the remarkable prolongation the latent period 
previously observed after treatment with dog leucocytes. 

The injection foreign leucocytes into the meningeal cavities 
monkeys has thus far given almost uniformly negative results. 
one small group monkeys, however, inoculated the method 
lumbar puncture, the injection rabbit leucocytes has been asso- 
ciated with prolongation the latent period one the treated 
monkeys, and with complete prevention the subsequent tuber- 
culosis second monkey. 
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ARTIFICIAL ACTIVATION THE GROWTH VITRO 
CONNECTIVE TISSUE.* 


ALEXIS CARREL, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New. York.) 


INTRODUCTION. 


the factors that bring about the multiplication cells and the 
growth tissues were discovered, would perhaps become possible 
activate artificially the processes repair. Then aseptic wounds 
could probably caused cicatrize more rapidly. the rate 
the reparation tissues were activated ten times only, cutaneous 
wound would heal less than twenty-four hours, and fracture 
the leg would cured four five days. permissible 
think that this hypothesis not unreasonable. Jacques Loeb, his 
fundamental experiments artificial parthogenesis, has demon- 
strated that cell division can induced slight changes the 
composition the sea water which the sea urchin’s eggs are 
placed. might even supposed that certain modifications the 
milieu intérieur the tissues mammals would bring about 
the multiplication their cells. 1907 and 1908 began, there- 
fore, study the processes reparation small cutaneous wounds 
and the action great many substances the rate their cicatri- 
zation. was found that the proliferation epithelium and 
connective tissues was activated under certain conditions dres- 
sings made with the pulp tissues and organs. For instance, 
thyroid gland pulp deposited cutaneous wounds the dog 
brought about the formation exuberant granulations. Applied 
bones, produced marked thickening the periosteum. The ex- 
ternal coat artery preserved cold storage mixture 
thyroid gland and Locke’s solution, and transplanted afterwards 
into dog’s carotid, underwent enormous hypertrophy. How- 
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ever, was difficult study with precision the influence these 
substances the tissues living dogs. became evident that 
the changes brought about them could more precisely observed 
the tissues were isolated from the organism and made live 
medium known composition. Therefore, undertook adapt 
the cultivation mammalian tissues the method used Harrison 
his researches the growth the central nervous system 
frog embryos drop lymph. some experiments that made 
with the collaboration Dr. Burrows, appeared that the 
growth chicken tissues were activated when extracts the Rous 
chicken sarcoma and chick embryo were added the culture 
medium. 

1912, using more precise technique, was able study 
quantitatively the influence tissue juices the growth vitro 
connective tissue and some the characteristics their activat- 
ing power. 


METHOD. 


method consists measuring the extent the growth 
fragments tissues placed normal plasma and plasma con- 
taining known quantity tissue juice. The extracts were made 
chick embryos from six twenty days old, spleen, kidney, 
muscle, etc. the adult chicken, the Rous sarcoma, thyroid 
gland, spleen, and muscle the adult dog, and spleen the adult 
rabbit. The tissues were cut into very small fragments, cut and 
ground with sand mortar, cut, ground, and frozen ice and 
salt, and then put for short time the incubator 
wards, one volume tissue were added from one third 
volume four five volumes Ringer solution. The tubes con- 
taining the mixtures were put cold storage. After period 
varying from few minutes twenty days, the tubes were centrif- 
ugalized. The supernatant fluid was used pure diluted with 
Ringer solution. some experiments the fluid was heated 56° 
70° for ten, twenty, thirty-five minutes. other experi- 
ments, was filtered through paper through Berkefeld 
Chamberland filter. 
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The culture medium was composed one volume extract and 
two volumes hypotonic plasma. hypotonic plasma was ob- 
tained adding two volumes water three volumes 
normal plasma. 

The majority the experiments were performed hearts 
chick embryos from seven fifteen days old. The ventricular 
wall was divided into small fragments almost identical size. The 
fragments, placed the culture medium, were rapidly surrounded 
dense ring connective tissue cells. Fragments skin were 
also used. the experiments performed dog’s tissues, frag- 
ments periosteum were employed. With each experiment con- 
trol cultures normal hypotonic plasma were made. order that 
the results should comparable, the cultures were prepared with 
extreme care and precision. 

The specimens were examined after twenty-four, forty-eight, and 
seventy-two hours. The area the new issue was calculated ac- 
curately after the diameter the original fragment and the width 
the ring new tissue had been measured the micrometer. But 
the thickness the new tissue could not known exactly. Inall 
the experiments where extracts were added the medium, the 
growth was not only more extensive but also denser than the cul- 
tures which contained extracts. The increase thickness was 
generally not considered the calculation the value the ac- 
celeration the growth, this calculation being based only the 
increase area the tissue. The increase the tissues was really 
greater therefore, than appears the description the results. 


RESULTS. 


every experiment the fragments heart, skin, and periosteum, 
cultivated plasma containing extract, grew more rapidly than 
their controls. certain, then, that tissue juices have the power 
activate vitro the growth connective tissue. 

The value this power varied according the method used 
the preparation the extract. extract obtained the centrif- 
ugalization embryonic tissue, few minutes after had been 
mixed with Ringer solution, increased the rate growth two and 
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half and three times. The acceleration the growth was much 
more marked when the mixture tissues and Ringer solution 
was allowed stand the refrigerator for twenty-four hours 
several days before being centrifugalized. instance, experi- 
ment 1,734, Ringer solution containing embryonic pulp had been 
preserved for twenty days cold storage before being centrif- 
ugalized. twenty-four hours, the area new connective 
tissue was thirty times larger the cultures containing the extract 
than the controls. The extracts tissues cut small frag- 
ments, mashed, and frozen, were generally very active. The experi- 
ments made with these different extracts showed that they were able 
increase the growth connective tissue from about three 
forty times. 

Effect Concentration Extract Its Activating 
Power.—An extract diluted with Ringer solution was less active 
than one that was not diluted. For instance, experiment 
1,577, fragments heart were cultivated 
solution. The control cultures were made with plasma containing 
like quantity Ringer solution. The areas connective tissue 
produced forty-eight hours were respectively 60, 21, 12, 8.25, and 
the experiments, and the controls. other experiments 
the quantity new connective tissue varied also direct ratio the 
concentration the extract. 

Effect the Nature the Tissues the Activating Power. 
—The experiments were performed extracts chick embryo 
from six twenty days old, spleen, liver, connective tissue, kid- 
ney, heart, and blood corpuscles the adult chicken, the Rous 
sarcoma, and thyroid gland and muscle the adult dog. 

All the extracts activated the growth the connective tissue. 
But the degree acceleration varied large measure. Embry- 
onal tissue extract was the most active. Extracts adult spieen 
and the Rous sarcoma were almost active the extract chick 
embryos. Kidney and heart extracts were much less active, while 
the extracts connective tissue and blood corpuscles brought 
about slight acceleration only the growth. 
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The influence the extracts thyroid gland and muscle the 
dog the growth periosteum was very marked, but thyroid 
extract was more active than muscle extract. 

animal tissues seemed specific and was confined the tissues 
another animal the same species. instance, the extract 
chicken spleen activated greatly the growth connective tissue 
fragment the heart chick embryo, while the activating 
influence extracts dog and rabbit spleen chick tissue was 
very slight. 

Effect Heat the Activating Influence the 
The embryonic extracts began lose their activating power when 
they were heated 56° for ten minutes. The diminution was 
more marked when the extracts were heated for thirty minutes. 
For instance, experiment 1,565 embryonic extract heated 
56° for ten minutes lost one third its power. The same 
extract heated 56° for thirty-five minutes lost two thirds 
its power. extract the Rous sarcoma heated 56° for 
ten minutes lost also one third its activity. The extracts 
adult spleen were slightly modified the heating 56° for 
ten minutes. Their activating power remained generally unaltered. 

The extracts adult spleen, the Rous sarcoma, and chick 
embryo, heated for ten minutes 70°C. lost completely their 
activating power. 

Effect Filtration the Activating Power the Extracts. 
experiments were made extracts chick embryo and 
the Rous sarcoma, diluted with Ringer solution. 

The power the extracts was not modified filtering them 
through filter paper. However, the extract contained much 
cellular debris, the filtration increased its power slightly. 

Extracts which were filtered through Berkefeld filter always 
lost great part their activating power. The area new con- 
nective tissue cultures which such filtered extract had been 
added was about one third one fourth smaller than the cul- 
tures containing unfiltered extract. 

Filtration through Chamberland filter suppressed completely 
the activating power extract. The heart fragments did not 
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produce more connective tissue plasma containing such filtered 
extract than plasma containing equal quantity Ringer solu- 
tion. For instance, experiment 1,538 the areas covered the 
new connective tissue were respectively 77, 32, 21, and 21, media 
containing (1) unfiltered extract the Rous sarcoma, (2) extract 
filtered through Berkefeld filter, (3) extract filtered through 
Chamberland filter, and (4) Ringer solution. 


SUMMARY AND CONCLUSIONS. 


The experiments have shown that extracts tissues and tissue 
juices, under certain conditions, accelerate the growth vitro the 
connective tissue from about three forty times. This activating 
power was found many tissues. was much more marked, how- 
ever, with the extracts embryos, adult spleen, and the Rous 
sarcoma. The power diminished directly with the dilution the 
extracts, and appeared not apply the tissues heterologous 
animal. The power was reduced when heated 56° C., and re- 
moved when heated 70° was diminished markedly filtra- 
tion through Berkefield filter and was completely suppressed 
filtration through Chamberland filter. 

Possibly the finding the activating power tissue extracts will 
have immediate practical application. Nevertheless, may 
indirectly useful leading the discovery some the factors 
determining the growth tissues and the unknown laws cell 
dynamics, and may ultimately throw light the mechanism the 
cicatrization wounds. 


THE NATURE AND ORIGIN THE NITROGENOUS 
COMPOUNDS THE FECES INFANTILISM.* 


(From the Hospital The Rockefeller Institute for Medical Research, 
New York.) 


Previous studies have shown that the nitrogenous metabolism 
low plane infantilism the type Herter, and have 
indicated undernutrition possible cause the failure 
causes undernutrition, digestion poor absorp- 
tion were thought account the large quantities nitrogen 
the The analyses reported the present paper were 
carried out for the purpose determining the nature the nitrog- 
enous compounds the feces with the hope that might able, 
with these data, explain the cause the loss nitrogenous mate- 
rial or, least, eliminate certain hypotheses which had been 
made concerning this loss. 

For this purpose, determinations the total nitrogen, and nitro- 
gen the form soluble protein, ammonia, purin compounds, 
bacterial bodies, and amino acids were made. Fairly definite con- 
clusions regarding completeness digestion, absorption protein 
and protein digestion products, and the amount and nature bac- 
terial action may reached from these data far these points 
relate the problem hand; namely, whether not protein 


insufficiently, too rapidly, completely hydrolyzed, undergoes 


changes giving harmful useless derivatives, incompletely 
absorbed,—all which possibilities are accord with the data 
already obtained. 
The feces used were obtained from S., one the patients 
examined previous studies, and from B., P., and S., 
for publication, August 26, 1912. 


*McCrudden, H., and Fales, L., Jour. Exper. Med., 1912, xv, 113. 
H., and Fales, ibid., 450. 
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TABLE 
Nitrogen Partition Feces. 
Total Soluble protein Ammonia Purin nitrogen. Bacterial Amino nitro- 
> niece nitrogen. nitrogen. nitrogen. gen. 
gen Per Per Per Per 
e 
0.048 3.06 0.230 14.62 0.260 0.070 4.46 


E.B 0.560 0.102 18.20 0.024 4.28 0.058 10.38 0.046 0.092 |16.40 


0.066 |11.80 


dwarfs other types without intestinal symptoms, the results from 
these latter being used for comparison. 


Each complete analysis represents one day’s feces. The moist fresh stool 
was ground with water homogeneous emulsion and then made 
definite volume. 

Total nitrogen was determined c.c. this suspension the Kjeldahl 
method. 

Ammonia was determined blowing air through and absorbing the 
gas standard acid just urine 

Total purins were determined the method Kriiger and 

Soluble protein was determined follows: 200 c.c. the suspension were 
made 400 c.c., allowed settle, and then filtered. The protein the 


was necessary combine the feces two days order obtain suffi- 
cient material. 

O., physiol. Chem., 1902-3, xxxvii, 161. 

M., and Schittenhelm, A., physiol. Chem., 1905, xlv, 14. 


Nitrogenous Compounds Feces Infantilism. 


filtrate was precipitated boiling after addition trace dilute acetic acid. 
The nitrogen the precipitate was determined the Kjeldahl method. 

Bacterial nitrogen was determined follows: 100 c.c. the suspension were 
made 400 c.c. and allowed settle. The supernatant liquid was pipetted 
off and the bacteria precipitated with alcohol. From this point the method 
Mattill and was followed. 


All analyses were made duplicate. 


will noted that neither the absolute nor the fractional 
amounts nitrogen different forms vary greatly the three 
cases (table I). 

Both the absolute amount and the percentage soluble protein 
are somewhat high. According Schmidt and in- 
creased amounts soluble protein occur the feces various 
inflammatory and irritative conditions the gastro-intestinal tract 
and, there sometimes considerable intestinal disturbance 
these cases, this disturbance may account for the increase soluble 
protein. This increase not, however, great enough indicate 
loss food protein through incomplete absorption decreased 
hydrolysis. The protein must hydrolyzed almost, not com- 
pletely, simple products. 

The amino acids the feces are low the controls. They 
appear well absorbed. abnormal unabsorbable amino acids 
are formed appreciable quantities. 

Neither the ammonia nitrogen, bacterial nitrogen, nor purin 
nitrogen are appreciably high, which indicates that putrefactive and 
fermentative processes are not very active. 

The unknown nitrogen compounds left over after subtracting the 
nitrogen various forms from the total are variable, but 
not larger the case than the other cases. 

The findings, then, exclude fairly well the various hypotheses 
based improper digestion possible causes the faulty develop- 
ment, namely, incomplete hydrolysis protein, too rapid splitting 
proteins, formation unabsorbable derivatives, and imperfect 
absorption normal products, and indicate that the nitrogen 

and Hawk, B., Jour. Exper. Med., xiv, 433. Our 
centrifuge powerful that easily throws down bacteria. therefore 


found best modify Hawk’s method indicated. 


A., and Strasburger, J., Die Faeces des Menschen normalen 
und krankhaften Zustande, edition, Berlin, 
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the feces occurs practically the same forms normal feces, 
from which could conclude that presumably the same 
origin normal feces, that chiefly excretory origin, and 
that not unabsorbed material left over from the food. 

The findings are accord with the belief that the failure 
grow infantilism the type Herter not necessarily asso- 
ciated with any disturbance the intestinal digestion absorption 
protein material, and this belief these findings lend consider- 
able weight. 


THE CAUSE THE EXCESSIVE CALCIUM EXCRETION 
THROUGH THE FECES INFANTILISM.* 


(From the Hospital The Rockefeller Institute for Medical Research, 
New York.) 


Many clinical investigators have called attention cases failure 
development children and diseases the bones adults 
following certain forms intestinal and large pro- 
portion the investigators interested rickets and various forms 
arthritis deformans insists that disturbances the intestinal 
canal cause these conditions. But the relationships observed 
most these cases have been rather obscure. The most definite 
relationship between failure development and disturbance bone 
growth the one hand, and disturbance intestinal function 
the other, has been found the cases infantilism the type 
Herter. infantilism this type there general retardation 
the growth the body and our observations seem indicate that 
this general retardation growth secondary retardation 
the growth the skeletal system. The bones are frail and thin 
and fracture easily, and chemical investigation shows disturbances 

the calcium metabolism.? Complete metabolism experiments 
show negative calcium balance spite which surprising 
note that the urine almost free from calcium, the excess passing 
off almost entirely the feces which contain large amounts this 
element. view the great importance the subject, this defi- 
nite finding flux calcium into the intestine condition 

Received for publication, August 26, 1912. 

R., Sammlung klinischer 1901, No. 318 (Innere Medizin, 
No. 94), 607; Jahrb. Kinderheilk., 1905, 794; Deutsch. Arch. klin. Med., 
1908, xciv, 125. 

Heubner, O., Jahrb. Kinderheilk., 1909, 667. 

Koll, E., Deutsch. Arch. klin. Med., 487. 


H., Jour. Exper. Med., 1912, xv, 107; McCrudden, 
and Fales, L., ibid., 113, 450, 457. 
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which there general retardation growth and special dis- 
turbance bone growth seemed worth following further. What 
the cause this flux calcium? 

The analyses reported the present paper were made with the 
object testing three hypotheses relating the cause the loss 
calcium through the feces. The first that this condition there 
primary disturbance the fat digestion leading the excre- 
tion large quantities calcium through the feces the form 
calcium soaps. This hypothesis, suggested was based 
the finding large quantities fats and especially soaps the 
feces certain cases. second hypothesis the one which loss 
calcium rickets sometimes attributed, namely, that excessive 
quantities phosphate the feces lead large loss calcium 
phosphate; and third that increased intestinal fermentation 
gives rise the formation large quantities volatile fatty acids 
which lead the excretion calcium the form calcium salts 
these acids. 

order determine the quantities fatty acid, phosphate, 
volatile acid were great enough excess account for the losses 
calcium, the following substances were determined quantitatively 
fats, fatty acids, volatile acids, calcium, magnesium, nitrogen, and 
sulphur. The following method calculation was used. The 
quantity phosphate necessary neutralize the magnesium was 
subtracted from the total phosphate present. The amount cal- 
cium necessary combine with the remainder this phosphate 
was subtracted from the total calcium. The calcium remaining was 
expressed centimeters normal calcium oxide, and from this 
was subtracted the sum and volatile acids expressed 
the same terms, which gives the quantity calcium not combined 
with phosphate, fatty acid, volatile acid. This method calcula- 
tion not intended indicate that the elements are supposed neces- 
sarily combined exactly this way the feces. There are 
small amounts chloride present,* some the magnesium un- 

Herter, Infantilism from Chronic Intestinal Infection, New York, 1908. 

*The amounts chloride, silicic acid, potassium, sodium, and iron the 


feces are small (Schmidt, A., and Strasburger, J., Die Faeces des Menschen 
normalen und krankhaften Zustande, edition, Berlin, 1910, chapter XVIII). 
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doubtedly present soap and some the fatty acid probably 
combined with small amounts the potassium, sodium, and am- 
monium not intended that the method calculation 
should considered having general application. But for the 
purpose the present tests, namely, determine phosphates, 
fatty acids, volatile acids are excess calcium and mag- 
nesium, the method calculation correct. 

The patients reported and the table are cases 
infantilism the type Herter. Wm. McC. normal boy 
seventeen years old and has infantilism probably the type 
Lorraine. the last three these cases disturbance calcium 
metabolism was observable. They were studied for comparison. 
The table shows the results. 


Column gives the amount phosphate calculated phosphorus necessary 
combine with magnesium oxide form magnesium ammonia phosphate. The 
results column are obtained subtracting those column from those 
column and give the amount phosphorus left after subtracting that com- 
bined with magnesium oxide. Column gives the amount calcium oxide 
necessary combine with all the phosphate not combined with magnesium oxide. 
The results column are obtained subtracting the values column 
from those column and give the amount calcium oxide not combined 
phosphate. Columns and give respectively the amounts fatty acid and 
volatile acid terms cubic centimeters normal acid. Column gives, 
the same terms for comparison, the calcium oxide which not combined 
phosphate. Column obtained subtracting the results column from 
those column and represents the quantity calcium left over, not com- 
bined either phosphate soap and expressed terms cubic centimeters 
normal solution. column these results are expressed grams 
calcium. 


The amount calcium combined sulphate more difficult 
estimate. The ratio sulphur nitrogen (1:10) about the 
average ratio which these elements occur various protein 
materials, and probably mostly organic combination; but 
even assume that the sulphur occurs almost entirely sulphate 
and not all combined with other bases, would account for 
very little the calcium. 


Ammonia was determined scattered specimens but not large amounts. 
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Excessive Calcium Excretion 


will seen that the fats, fatty acids, and volatile acids not 
vary very much any the cases, and, furthermore, that very 
large part the calcium,—about half all com- 
bined with either phosphate volatile fatty acid, but must com- 
bined with substances present not known. far our results 
go, the calcium seems combined about the same way the 
abnormal the normal cases, and one might tempted say 
that the disturbance does not lie the intestine. are not justi- 
fied saying this, however, since the mode which about half the 
calcium combined still unknown. view our present ignor- 
ance concerning the form combination the bases normal 
feces, and until have more information this point, futile 
engage speculation concerning the form which the calcium 
lost the feces these cases infantilism. 


SUMMARY. 


Analyses the principal known bases and acids the feces 
cases infantilism which excessive amounts calcium are being 
lost, and comparison with cases which are normal this respect, 
show that the fats, fatty acids, and volatile acids are not high, and 
lead the conclusion that the loss calcium not secondary 


the presence large quantities phosphates, fatty acids, vola- 
tile acids. 
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THE NEGRI BODIES RABIES.* 


ERNEST WATSON. 


(From the Bacteriological Laboratory Brown University and the Hygienic 
Laboratory the Johns Hopkins Medical School.) 


PLATES AND 


Since Negri, 1903, discovered the bodies contained within the 
nerve cells the central nervous system cases rabies, there 
has been much speculation their identity and importance. 
These structures, Negri bodies, they are now called, are con- 
stantly associated with rabies and have come regard them 
prime importance from the standpoint diagnosis. Their presence 
demonstrated the cerebral cerebellar cortex, the hippo- 
campus major, the corpus striatum over per cent. all 
cases with the clinical symptoms rabies. The occasional failure 
find them is, probably, due our imperfect methods, the fact 
that the bodies under certain conditions not take the stain, that 
certain cases they occur forms too small recognized the 
one-twelfth inch oil immersion lens. 

The nature the Negri bodies today mooted question, and 
concerning them many and varied views have been advanced. 
The clinical history and symptoms the disease, together with the 
nature the infection and the properties the virus, point toward 
definite the underlying cause. All observers 
now agree that the bodies described Negri are definitely asso- 
ciated with rabies. One group investigators believes the bodies 
definite parasitic organisms, and the cause the disease. An- 
other group considers them simply cell degenerations caused the 
infecting agent, but incapable producing the disease. Negri him- 
self believed the bodies parasites animal nature and ipso 
facto the cause rabies. Other Italian investigators including 
Volpino, Dominici, Marzocchi, d’Amato, Bandini, Fasoli, and others, 
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The Negri Bodies Rabies. 


have corroborated Negri’s work and with him agree that the bodies 
are parasitic nature. this country Williams and Lowden, 
Calkins, and others believe that the Negri bodies are protozoan 
nature. The former authors have worked out tentative life his- 
tory, illustrating undoubtedly multiplicative cycle the develop- 
ment the organism and have classed among the Microsporidia. 
Calkins believes more closely allied the ameba and has 
placed under the classification the Rhizopods. Other writers 
this country who favor the protozoan identity the Negri bodies 
are Poor, Stimson, Frothingham, Hadley, Harris, and others. 


THE NEGRI BODIES, 


the following observations upon the nature the Negri bodies 
the methods and technique employed have been those now generally 
used most the Board Health Laboratories this country. 
The examinations rabic material were made the regular smear 
preparations, and paraffin sections the cerebral and cerebellar 
cortex, and the hippocampus major and corpus striatum. 
general was found that the smear preparation under proper manip- 
ulation gave the better results. The morphology the bodies 
this method can brought out definitely and their internal struc- 
ture shows clearly, much more so, fact, than the paraffin sec- 
tions, while the possibility changing the position the bodies 
within the cell and mutilating them any way pressure, 
reduced practically nil after little experience. the smear 
method the general contour and shape the bodies the same 
that noted the paraffin sections, and their arrangement the cell 
shows appreciable displacement the cellular protoplasm. 
further advantage the smear method that upon the slide the 
layer brain material varying thickness, which fact, after 
staining, aids materially the final conclusions which are based 
comparative study very thin, medium, and thick areas. 

The stains used have been the Van Gieson stain for rabies, which 
times was modified the substitution basic fuchsin instead 
the rose anilin violet, the other proportions remaining the same. 
Mann’s method staining was also used attempts bring out 
more definitely the inner structure the bodies. 
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general may said that the Negri bodies tend 
assume oval shape. Sometimes, however, they appear round 
and occasionally rather irregular, appearing the process 
division. Usually the outline the bodies smooth. Less fre- 
quently the edges appear irregular. 

times forms resembling process budding are noted. 
There seems pretty general distribution the different 
shapes single animal. anything the oval shape predomi- 
nates, while the division forms are least frequently encountered. 

size the bodies seems vary within rather wide 
extremes, from 0.25 0.5 microns. Although general the 
very small ones and the very large ones are met with less frequently 
than are those measuring two nine microns across their longest 
diameter. All sizes may present the same time one animal 
and frequently one nerve cell (from Ammon’s horn) bodies meas- 
uring one micron and others measuring ten fourteen microns are 
present the same time. 

Number.—The number bodies present any individual case 
seems subject considerable variation. Sometimes the large 
cells from the hippocampus and the cortex the cerebrum and the 
cerebellum are literally filled with bodies, and other times search 
several minutes necessary reveal single body. these 
latter cases, however, further search, the writer’s experience, has 
always been rewarded with the finding appreciable number 
bodies, although they may well scattered. When the bodies are 
few number they seem uniformly small size and almost 
without exception are quite regular their morphology. the 
most part the bodies are found with greater regularity the horn 
Ammon and the corpus striatum than either the cerebral 
cortex the Purkinje cells the cerebellum. specimen brought 
into the laboratory some years ago from case human rabies 
showed nine well developed bodies one the Purkinje cells the 
cerebellum. 

the structure the Negri bodies there 
has been much speculation and much has been written attempts 
identify and determine the the various parts. With the 
Van Gieson stain, and also with the basic fuchsin modification it, 
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the bodies take characteristic pink stain, lighter and more deli- 
cate hue than the eosin red color imparted the red blood cells 
which are frequently seen the same section. proper stain- 
ing solutions, this typical color varies but little from day day. 

The Negri bodies are essentially intracellular parasites and can 
speak them with certainty only when they are found within the 
nerve cells. They never have been demonstrated along the longer 
and larger nerve trunks along the fiber tracts the cord. There 
is, however, good reason believe that the infection reaches the 
central nervous system through the above mentioned channels. 
Within the nerve cells the pink color the bodies broken the 
regular appearance within the body the parasite itself cellular 
inclusions termed chromatin granules. These granules are con- 
stant part the typical Negri body. They take dark slate blue 
stain with all the stains which have methylene-blue hematoxylin 
Their number the body variable, being dependent for 
the most part upon the size the parasite. There usually one 
slightly larger and more deeply stained than the rest which occupies 
position more central than the others. This granule has been re- 
garded the nucleus and present practically all forms which 
are large enough permit structural examination their inner 
cytoplasm. the very small forms only the central chromatin 
granule nucleus discernible, while the larger forms the 
granules vary from three four ten twelve. the larger 
forms the rather concentric arrangement the chromatin granules 
around the parent nucleus appears like nuclear fragmentation pre- 
paratory subsequent division the cytoplasm and these types 
have been believed many represent preparatory stage 
direct cell division fission. 

Williams and Lowden have described length the succeeding 
stages the growth and reproduction this type Negri body. 
According them, the bodies are first found definite tiny forms 
0.5 micron diameter, with one chromatin granule nucleus 
taking deep azure blue stain the center and enclosed delicate 
pink staining cytoplasm, while around the whole and blending into 
the cell cytoplasm definite rim, ectoplasm, staining little 
deeper pink than the rest the cell protoplasm. addition 
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these extremely tiny forms there are larger ones which are similar 
shape and staining reactions, but which contain extra chromatin 
granule two, probably fragments the nucleus. Still larger 
forms are also noticed which are, general, similar the bodies 
last described, but which begin show evidences division, 
constrictions giving rise hour glass forms. The various steps 
the process fission have been observed. the last, only fine 
filmy bit protoplasm connects the two organisms. the next 
stage, the two bodies have become entirely separate and lie side 
side. some cases the ectoplasm the two bodies close 
proximity, but others separated small space through 
which the protoplasm the nerve cell shows blue staining line 
between the pink staining ectoplasmal rims the two now separate 
individuals. 

The above description outlines briefly one undoubted phase 
the life history the organism. represents stage multiplica- 
tive reproduction,—a schizogonous life cycle, or, speaking the 
Myxosporidia, stage plasmotomy carried within the cells 
the host. This condition expect account the vast num- 
bers parasites that are found given host and even single 
cell host, and the great difficulty conceiving that each para- 
site could have arisen from separate and individual spore infection. 
From the above commonly observed conditions, and from the na- 
ture and frequency the findings, have good reason believe 
that this plasmotomous life cycle supplemented, either within the 
body the host elsewhere, another cycle different nature, 
this other cycle being concerned with sexual reproduction. 

Bodies corresponding sporogonous life cycle this type 
have two instances the past few years come under the writer’s 
observation, and general description these findings reported 
this time. The two cases and the specimens which showed these 
sporogonous types presented rather similar and singular histories. 
The dogs came from sections the state some thirty miles apart 
and during life presented the usual clinical picture uneasiness, 
restlessness, and signs evident distress, and became very irritable. 
During this last stage both animals had bitten people. The dogs 
were consequently confined, and approximately twenty days after 
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the initial signs malaise both animals died, the reported cause 
death being distemper. Unsuspecting the seriousness the bites 
both dogs were buried, and several days elapsed before they were 
dug order that their heads might sent the laboratory for 
examination. 

these two cases the cells the cerebral cortex, the Purkinje 
cells, and the giant cells the horn Ammon showed the pres- 
ence the typical Negri bodies with their characteristic nuclei and 
chromatin granules described above under the usual cycle 
asexual intracellular development. addition these were 
certain forms quite different from any the preceding, yet taking 
the stain readily and being closely associated with the former, many 
them being the same cells with the plasmotomous type body. 
These new bodies were seen vary size. The smallest ones 
measured 0.25 0.5 micron diameter (plate figure A). 
Some were possibly smaller than this, the difficulties identification 
these extremely small types being considerable. The smallest 
forms present are slightly round oval, have definite morphology, 
and are regular outline. They take deep pink, almost crimson 
stain, and when treated with acid alcohol seem hold the stain 
longer than those the plasmotomous type. Their protoplasm 
one end, careful focusing and with most the light coming 
from the mirror, the condenser being cut out, small refractive 
area seen which takes the stain less readily than the other portions. 
nearly could determined with the immersion lens this light 
spot presents oval outline and gives every indication being 
capsule, and the whole body with its uniform and homogeneous 
consistency seems have every appearance spore. 

Bodies this type are found scattered more less diffusely 
throughout the slides, both inside and outside the nerve cells. 
Forms similar these every way but slightly larger are also 
found, but are less plentiful than the very small ones (plate figure 
figure J). The next larger body corresponding 
these forms presents quite different picture. They measure 
microns diameter, stain brilliant pink, are very 
regular outline, and about them definite membrane, rim 
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ectoplasm, can made out, while their interior contains two, three, 
and sometimes four the definite, tiny, regular oval spores de- 
scribed above. All these stain brilliant pink and occupy com- 
pletely the interior the body, there being nucleus and 
chromatin granules, nothing fact which takes the blue stain, and 
but little the residual protoplasm the parent body which takes 
faint pink stain and shows marked contrast the spores. 
Larger forms than this are also observed which include definite 
cell membrane, within which are eight ten, and sometimes twelve, 
the spore-like bodies (plate figure E). They all stain 
similarly the smaller forms and show only little the residual 
pink staining protoplasm the original cell and nucleus 
chromatin granules. Larger forms than these show broken 
ectoplasmal rim with the spores protruding and some are even quite 
outside the body itself and the substance the nerve cell (plate 
same picture the tiny round oval spores described above. 
Some forms contain many twenty thirty and these were 
observed with the ectoplasm intact and the spores completely filling 
the inside the body. forms measure eight ten microns 
diameter. the still larger forms the membrane surrounding 
them becomes less distinct, until finally the definite structure the 
rim-like band lost completely. After losing the membrane the 
spores many cases are seen remaining close together 
before (plate figure B). general, however, after the dis- 
appearance the cell membrane there marked outpushing 
the spores from the center, making the body appear much larger 
than any the preceding forms and leaving the center small 
light pink staining area formerly occupied the spores (plate 
figure figure D). these forms nothing which re- 
sembled nucleus seen nor are there any chromatin granules 
present. later step the development the organism seen 
when the spores become further removed from the center and oc- 
cupy much larger area. They form circle with the pink staining 
residual protoplasmic remains the original Negri body, possibly 
too portion the ectoplasm, the inside and the blue staining 
cytoplasm the nerve cell the outside. The final step the 
dissemination the spores seen when the circle spores has 
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been broken up, and certain nerve cells they are then seen scat- 
tered diffusely over the entire field (plate figure A). 

This outlines briefly the successive stages seen the growth, 
reproduction, and dissemination this new type Negri body. 
The succeeding steps its growth and development, with the 
typical pictures presented the different stages, and the multi- 
plicative schizogonous life cycle previously described, suggest 
immediately sexual sporogonous cycle for this new series 
bodies described above. 

Other writers have often referred the possibility finding 
sexual cycle which measure would supplement the knowledge 
the forms already found and much toward increasing our 
knowledge this protozoan parasite, which now believe the 
causative agent rabies. The above findings, taken the light 
the multiplicative cycle already observed, are indeed strongly sug- 
gestive. Williams and Lowden, has been stated, have placed the 
Negri bodies among the parasitic protozoa the suborder Micro- 
sporidia the Sporozoa. Organisms this order their sporog- 
onous life cycle produce numerous oval pear shaped spores 
corresponding closely those described above, each which 
possesses one polar capsule. This not seen the fresh specimen, 
but brought out under suitable treatment with stains and reagents. 

From the findings and observations recorded above the writer 
believes that are now justified placing the Negri bodies little 
more definitely the suborder Microsporidia and that may 
regard them Oligosporogenea, which forms the trophozoite 
produces single pansporoblast. Its position perhaps among these 
under the family when bear mind that these the 
pansporoblast produces numerous spores. 

The smallest forms observed with single dark staining nucleus 
chromatin granule are undoubtedly the order trophozoite 
multiplicative cycle characterized ofttimes ameboid ap- 
pearance and dense rim ectoplasm, with granular endoplasm 
containing nucleus and possibly chromatin granules. These may 
increase size very rapidly until there are numbers bodies 
different sizes. During this growth they undoubtedly have the 
power endogenous reproduction. This has been observed 
several writers and may take place different ways, all which 
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are common the members this order. the adult form (1) 
simple binary fission may take place, hour glass constriction, 
(2) simple budding may occur. This plasmotomous division, 
breaking the multinucleate cell into numerous parts each 
having nucleus with bit surrounding protoplasm has been 
termed, the first case, simple, and the latter, multiple type 
division. 

the youngest stages the organism there has been described 
nuclear fragmentation into several daughter nuclei, supposedly 
process multiple amitosis, and this similar to, not identical 
with, that observed the young forms Glugea lophu. This type 
early spreads the infection through the tissues the host and 
probably the most common all the methods multiplicative 
growth. the well known forms and 
undoubtedly the commonest type growth. considering the 
sporogonous reproductive cycle, spores undoubtedly begin 
develop early period the life the trophozoite. The find- 
ing two, three, and four spores single small body, pan- 
sporoblast, would seem prove this. Among the better known and 
more closely studied members the Microsporidia the first step 
spore formation the gathering cell protoplasm around some 
the nuclei the mother endoplasm form primitive sphere 
(Gurley) pansporoblast. Whether not this has been observed 
the case the Negri bodies still difficult stages which 
seemingly show fragmentation nuclei have been reported, but 
these may indicate stage the multiplicative, well prepara- 
tion for spore formation the reproductive life cycle. The pan- 
sporoblasts observed the development the Negri bodies have 
definite membrane envelope around them, and far least 
the spores they contain have been observed vary considerably 
number. Furthermore, when first observed they were rather com- 
pletely formed that all steps their development, particularly the 
presence sporoblast stage, are not yet completely understood. 
the origin the polar capsules has not yet been observed 
often enough state whether not arises like many other mem- 
bers this order from sphere-like vacuole. 
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ANALOGIES BETWEEN THE NEGRI BODIES AND THE BETTER KNOWN 
FORMS THE SUBORDER THE MICROSPORIDIA. 


general, the forms the suborder the Microsporidia show 
extremely wide variation their structure, habitat, and mode 
life. The trophozoite has the following characteristic features which 
are well observed the life cycle the Negri bodies: (1) 
characteristically ameboid shape. (2) Spore formation com- 
mences early and continues throughout life. (3) Spores are pro- 
duced endogenously, within the protoplasm the trophozoite. 
(4) The spores have one more polar capsules. While true 
that the Cryptocysts are found more often inhabiting invertebrate 
hosts, several forms are known which make their home exclusively 
the tissues the vertebrates. parasites they are more de- 
structive their growth the host cells than any other group 
the Sporozoa. They are every detail essentially intracellular 
organisms differing from the Phzenocysts which are the intercellular 
forms, and only exceptionally the very early stages are they found 
within the tissue cells. 

The group the main has two modes life, one within the body 
cavities the host, and the other within the cells and tissues the 
host. The latter clearly the manner life the Negri bodies. 
While muscle and connective tissue are the ones usually selected 
the seat growth the organism, some forms attack the nervous 
tissue alone, seen the Glugea lophii which has special affin- 
ity for the ganglion cells the central nervous system Lophius 
piscatorius. The Cryptocysts may restrict their ravages single 
organ tract, they may attack all parts the body. Naturally 
the method growth may two kinds; that which the 
growth confined definite foci, and that which there 
diffuse infiltration the tissues. The latter method peculiar 
the Negri bodies which the body the parasite and the proto- 
plasm the cell become closely intermingled, spores are formed, 
and the specific tissue becomes actually filled with young forms. 

characterized its ameboid form 
which uncertain division can made out between the coarser 
outer region and inner granular center. The endoplasm has 
various the Negri bodies have been observed only the 
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nucleus, chromatin granules, and possibly occasionally vacuole 
two. the tissue-infecting forms, the pseudopodia are usually 
small, ectoplasmal origin, and cannot observed the stained 
preparations. the Negri bodies pseudopodia have been recog- 
nized. Here perhaps have, other well known cases, the 
protective function the ectoplasm developed the expense the 
motility. The youngest trophozoites have but one nucleus, the 
endoplasm increases continually division until there are many 
present the full grown forms, often ten more, while definite 
nucleoli karyosomes have not been recognized except few 
instances. 

Spore are seen develop very early stage 
the trophozoite and sometimes they continue formed until the 
whole endoplasm the trophozoite used its production. 
other cases, however, there small amount residual protoplasm. 
All the stages spore development are commonly found the 
same time given individual. The first sign spore formation 
the gathering protoplasm around one the nuclei the endo- 
plasm. This comes form the sporoblasts and later the spherical 
corpuscles, pansporoblasts. All nuclei may not used 
this manner, but may remain residual nuclei (plate figures 

Among the Cryptocysts the pansporoblasts always give rise 
more than two spores, four Gurleya, eight Thelohania, and 
large number Pleistophera and Glugea. One more pan- 
sporoblasts may formed from each trophozoite, the Oligo- 
sporogenea under this order produce but one, however, and here the 
condition simulates greatly the development the Coccidia except 
that with them have exogenous development instead 
endogenous one. general may say that the Myxosporidia 
represent alternation generations between trophic and repro- 
ductive individuals. 

The spores the Myxosporidia are rather variable their ex- 
ternal structural details. The spores the Cryptocysts are for the 
most part minute, measuring microns Glugea anomala, 
and 1.5 2.5 microns Glugea ovidea, and are usually pear shaped 
oval. The Phzenocysts have much larger spores, some 100 
microns (in sperulosa). 
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The capsule the spore usually situated one end and when 
this the case, that end termed the anterior pole. the 
the spore capsule invisible the fresh condition. These 
spore capsules are distinctive feature the Myxosporidia and 
some believed that they represent sporozoites that have become 
specialized nature. The developmental period which intervenes 
between the ripe spore and the youngest trophic stages the least 
known period the life cycle this group.of organisms. The 
microscopic parasite often migrates great distance the body 
the host before gets the organ tissue which its final field 
for growth. well illustrated the rabic infecting agent 
which, from cutaneous bite abrasion, must travel until 
reaches the central nervous system before finds suitable field for 
growth. stage shows that undoubtedly one time its life 
the parasite able select, and, furthermore, seek out its 
specific tissue which may, some instances, great distance 
from the original seat infection. 

Schizogony, Multiplicative the amebula 
reaches its special tissue can grow endogenously with great 
rapidity. The two processes growth are called multiplicative, 
like schizogony, and reproductive, like sporogony. Multiplicative 
growth has always been attributed the Negri bodies account 
the vast numbers parasites that may present given host, 
and the difficulty supposing that each parasite could have orig- 
inated from separate and distinct spore infection. The 
cative reproduction the full grown trophozoite takes place one 
two ways, simple fission, budding. This plasmotomous 
division has been termed, the first case, simple, and the latter, 
multiple amitosis (plate figures 18). 

The youngest forms divide nuclear fragmentation and mul- 
tiple amitosis following breaking the protoplasm into minute 
uninucleate swarm spores, and this way the tissue becomes 
diffusely infected. 


CONCLUSION. 


The Negri bodies, the etiological agent rabies, present 
two general types phases morphology, growth, and 
reproduction. 
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These two phases are constantly cyclic their development 
and correspond (1) multiplicative, schizogonous, and (2) 
reproductive, sporogonous, life cycle. 

the detailed study these forms and their succeeding 
stages are inclined believe that the Negri bodies are definite 
protozoan parasites, and from study their life history are 
led place them the suborder Cryptocysts, Microsporidia, 
the Sporozoa, and more definitely among the Oligosporogenea 
the Glugeidz family, which forms produce but one pansporoblast. 

With the recent advances the growth tissues outside the 
body, particularly the work Carrel, Burrows, Harrison, Lewis and 
Lewis, and Rous upon the infectiousness tumor extracts, with 
the results Noguchi cultivating pathogenic Treponema pal- 
lidum, important discoveries concerning the Negri bodies will un- 
doubtedly made the near future. 

wish extend thanks Dr. Charles Chapin, Superin- 
tendent Health the City Providence, for the material used 
this work, and Prof. Gorham, Brown University, for 
his valuable suggestions. 
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EXPLANATION PLATES. 


PLATE 


Fic. Two nerve cells from hippocampus major smear preparation. 

Deeper staining nuclei the two nerve cells. 

large Negri body the sexual type and pansporoblast stage, without 
surrcunding membrane and containing many individual spores. 

Spores the sexual type lying free the protoplasm the nerve cell. 

Negri body the asexual type multiplicative stage, containing 
the characteristic chromatin granules. 

small sexual pansporoblast containing several spores. 

small sexual pansporoblast surrounded membrane and contain- 
ing several spores. 

Fic. Two nerve cells smear preparation. 

and Asexual type Negri bodies with chromatin granules. 

and Nucleus one the nerve cells. 

Sexual type Negri body containing spores. 

Smaller sexual type Negri body containing spores. 

Proliferating endothelial cell. 

small sexual type Negri body containing spores. 

large pansporoblast containing many spores which have begun 
leave the center the Negri body preparatory being dissemi- 
nated through the protoplasm the nerve cell. The membrane 
lacking. 

Small sexual type Negri body with membrane and spores. 

Fic. small asexual trophozoite with chromatin granules. 

Nucleus the nerve cell. 

small asexual type body. 

iarge pansporoblast pressed out the nerve cell, showing absence 
the membrane and the characteristic arrangement the spores 
about the periphery. 

Fic. Spores liberated from the pansporoblast and lying free the pro- 
toplasm the nerve cell. 

Nucleus the cell. 


PLATE 

Sexual and asexual life cycle. 

Fics. 18. Asexual multiplicative cycle the Negri body, showing 
the development from the spore and trophozoite through the various 
division forms, all containing the characteristic chromatin granules. 

Fics. xiii. Sexual sporogonous cycle, showing the development from 
the original spore the pansporoblast with the surrounding mem- 
brane and endogenous spores; later, without the membrane and 
with the peripheral arrangement the contained spores; and finally, 
the disseminated spores throughout the protoplasm the nerve cell. 
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FIG. FIG. 


FIG. FIG. 


(WATSON: The Negri Bodies in Rabies.) 
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(Watson: The Negri Bodies in Rabies.) 
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THE GROWTH CHICKEN BONE MARROW VITRO 
AND ITS BEARING HEMATOGENESIS 
ADULT LIFE.* 


NATHAN CHANDLER FOOT, M.D. 
(From the Pathological Institute the Royal University, Munich.) 


PLATES AND 


INTRODUCTION. 


The question the origin and development the leucocytes, 
the polymorphonuclear leucocytes particular, still doubtful. 
Hitherto the theories have been based chiefly upon the observation 
sections hematogenous tissues adult individuals 
embryonal tissues fixed stated periods the development the 
blood elements. study the progressive stages the hema- 
togenesis the bone marrow was complicated the difficulty 
obtaining living specimens this tissue from which could con- 
structed chronologically graded series developmental steps. 

undertook study the origin and development these cells 
the method for making cell cultures that (1) have already 
described for cultivating the fatty elements chicken bone marrow 
vitro. 

Cell cultures dispense with the necessity making sections, 
they can fixed and stained toto, and therefore eliminate all 
artefacts attendant upon embedding and sectioning. They also 
afford means constructing chronologically graded scales 
groups cells, that given cell type can followed through 
every phase its development. 


TECHNIQUE. 


Three healthy chickens, bantam hen, and two ordinary pullets mixed 
breed supplied the material for these experiments. The cultures were prepared 
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the following Bits bone marrow were teased out Locke’s solu- 
tion, crushing and drying out being carefully avoided, the particles were placed 
drops blood plasma sterile cover-slips, and the latter sealed hollow 
slides, Widal’s hanging-drop preparation, means vaselin. The finished 
preparations were then kept incubator 40° until wanted. The differ- 
ence between these findings and those described previous article (1) 
explained improved technique. The use Locke’s fluid plays very impor- 
tant part this respect, insures 100 per cent. yields, technical errors, 
such drying out the cultures through faulty sealing, are excepted. 

Three series about eighty preparations each were prepared, the cul- 
tures being killed and fixed various stages their development immersion 
per cent. formol. the first two series the first cultures were fixed after 
four hours’ incubation. After that fixed several daily, obtaining this way 
graded series preparations separated from one another twenty-four hour 
intervals. The cultures range age from four hours five six days. The 
third series, however, was graded more minutely. During the first eight hours 
incubation fixed three cultures soon the plasma coagulated ascertain 
what extent the cells floated out the plasma during the imbedding process, 
and thereafter fixed several hourly. During the second, third, and fourth days 
growth three cultures were fixed every ten hours. During the fifth and sixth 
days, time when degenerative changes appeared, several were fixed every 
five hours, enable closer study the degeneration. The periodic method 
fixation just described was adapted from that used embryologists for the 
periodic fixation embryos various stages fetal development. 

Staining fixed cultures were usually stained with Weigert’s 
iron hematoxylin and aqueous eosin, the Giemsa method. the case 
the former, the procedure follows: Overstain for twenty minutes 
gert’s iron hematoxylin, differentiate per cent. aqueous hydrochloric acid 
until the plasma clot decolorized and transparent, allow the culture growth 
turn blue placing tap water, or, the required hour two inconvenient, 
stand the preparations per cent. aqueous ammonia until blue, and wash out 
thoroughly; then stain for minute two per cent. aqueous eosin and 
differentiate water, which removes the stain from everything but the granules. 
Finally mount Canada balsam the usual manner, after dehydrating 
ascending percentages alcohol and xylol. 

The Giemsa method quick and simple. particularly adapted for dem- 
onstrating the acidophil and azurophil granules, and also gives extremely good 
general results. Fix for more than one hour Orth’s fluid, wash out thor- 
oughly, and stain for about six eight hours solution made mixing 
c.c. Giemsa stain with 100 distilled water. avoid having the 
sediment, which always forms, settle upon the culture, stand the cover-slips 
which the cultures adhere their sides the staining pot. After staining, 
decolorize per cent. alcohol until the plasma clot loses its blue color and 
becomes pinkish, and the details the culture begin come out. The prepa- 
rations are then run rapidly through absolute alcohol and xylol and mounted 
neutral Canada balsam. The process must acid-free throughout. 


*For more detailed account the preparation cell cultures, see Abder- 
halden (2), Carrel (3), Carrel and Ingebrigtsen (4), and Oppel (5). 
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The Altmann-Schridde osmic acid-acid fuchsin stain needs alteration from 
the ordinary technique. The culture, however, must thin. the fuchsino- 
phil granules are studied, the osmic acid treatment may advantageously 
omitted; but for the fat droplets cannot dispensed with. 


Chicken bone has loose framework slender connec- 
tive tissue cells, which are hidden the other cell elements that 
they can scarcely seen. its meshes are thickly scattered blood 
and fat cells, distributed such manner that the blood cells form 
circles strands around and between the fat cells, are clumped 
islands the interstices between them. These circles and strands 
consist principally eosinophils, erythrocytes, and myelocytes. 
The chicken has its bone marrow neutrophils and few basophils. 
The islands, the other hand, represent collections cells the 
type microlymphocytes and macrolymphocytes young con- 
nective tissue cells. They also contain many more less ripe 
erythrocytes. These lymphoid elements are called myeloblasts 
the writers the dualistic school. 


The following cells may identified freshly made culture 
chicken bone marrow which has been teased apart. 


cells are always nucleated, ovoid cells six seven 
microns diameter (Zeiss micrometer ocular), with sharply defined chro- 
mophil nucleus and homogeneous, yellowish red cytoplasm. Besides these are 
found smaller, more irregularly shaped, younger forms, whose cytoplasm varies 
from pale, weakly basophil, the yellowish red the unstained, riper cells. 
These younger forms are the called erythroblasts and normoblasts. 

Lymphoid Forms form three groups corresponding 
the micro- and macrolymphocytes and large mononuclear leucocytes human 
blood. The three groups are not sharply defined. given field clumps 
lymphocytes are found lying together, and given number cells will have 
varied number variations diameter and staining properties 
and any number apparent transition forms from one type the other. The 
nuclei the microlymphocytes are invariably rich chromatin, while those 
the other types vary markedly their chromophilia. the cytoplasm dark, 
the nucleus will pale, with prominent nucleolus; the cytoplasm pale, 
the nucleus generally dark and chromophil, with indistinct nucleolus, fact 
explainable the extrusion chromatin particles, karyosomes, from the 
nucleus into the perinuclear cytoplasm. This later becomes distributed through- 
out the cell body. 

Myeloid cells possess nucleus varying from rounded 
(myelocyte), through kidney and horseshoe shaped (transitional), lobulated 


exhaustive description this tissue has been given Dantschakoff (6). 
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polymorphous (polymorphonuclear) forms with two three lobules which 
are connected with one another delicate chromatin filaments. The cytoplasmatic 
granules are acidophil and not coarse and glistening the case mamma- 
lian blood. The cytoplasm itself, the intergranular ground substance, varies 
its staining properties with the stain used. Unstained, dirty yellow; 
with eosin, light pink; and with the Giemsa stain, takes the turquoise 
blue the methylene blue the stain, forming bluish background for the 
sharply defined reddish acidophil granules. The Altmann stain demonstrates 
profusion rather coarse, dark red, glistening granules. The nucleus invari- 
ably rich chromatin material. 

All the above mentioned forms, with the exception the erythrocytes, are 
more less actively ameboid. 


HISTOLOGY CHICKEN BONE MARROW VITRO. 


cells were washed floated out the 
tissue particle during the process preparing the cultures and lay 
suspended the fluid plasma considerable numbers until they 
were fixed where they had floated, together with few leucocytes, 
the coagulation the droplet. they are apparently poorly 
suited cultivation vitro and have function perform, they 
soon die out. They usually remain well preserved for about twenty- 
four hours, although they sometimes persist for several days without 
becoming noticeably altered. When they degenerate one two 
things happens: either the nucleus becomes pyknotic and the cyto- 
plasm disappears after becoming vacuolated, shadow remaining 
its place; the nucleus becomes progressively paler, from the 
constant extrusion chromatin material, the cytoplasm takes 
webbed appearance through vacuolization and the chromatin gran- 
ules arrange themselves chains around the vacuoles. Sometimes 
clear space appears around the nucleus and the karyosomes 
arrange themselves peripherally under the nuclear membrane, like 
the wheel nuclei the plasma cells. this case, however, can 
readily recognize the process retrograde, for the nucleus soon 
disappears, undergoing karyolysis. 

deductions the transformations the 
lymphocytes from one form another, which form the basis the 
following description, were made from the observation transi- 
tion forms, and their soundness will discussed later this paper. 
The later transformations these cells into forms resembling fat 
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and giant cells, cells the connective tissue, have been considered 
previous article. 

early three hours after implantation considerable number 
microlymphocytes emigrate from the tissue particle. After one 
day’s incubation they are still more numerous and are fairly widely 
distributed through the plasma clot. Their emigration accom- 
plished means sluggish ameboid movements the attrac- 
tion larger forms which liquify the plasma clot,forming tiny lanes 
through the gelatinous medium. The microlymphocytes are either 
attracted the larger cells reason mass action, they are 
floated along their wake the slow currents set the poly- 
morphonuclear leucocytes which precede them. The microlympho- 
cytes have their origin either the tissue particle, where they al- 
ready existed such, they are formed the mitotic division 
the large mononuclear lymphocytes into smaller, newly formed 
cells. are always found unrenewed cultures, and many 
them die out, showing pyknosis and cytoplasmatic vacuolization and 
producing shadows which cannot distinguished from those the 
erythrocytes. large number them, however, steadily increase 
size, with without noticeable relative increase their cyto- 
plasm. When there marked relative increase the cytoplasm 
they are not distinguishable from the macrolymphocytic type, but 
where the cytoplasm increases without much change the part 
the they resemble closely the large mononuclear lympho- 
cyte that they cannot distinguished. further increase the 
cytoplasm the macrolymphocytic type converts this form 
resembling the large mononuclear lymphocyte after the latter has 
undergone nuclear enlargement and dechromatization. the nuc- 
leus remains small, retains its chromatin; increases size 
extrudes its karyosomes and becomes paler, the nucleoli becoming 
very distinct. With the extrusion chromatin material, the cyto- 
plasm becomes dotted with chromatin granules and therefore darker. 
increase the volume the cytoplasm has the effect scat- 
tering these granules over greater area and the cell becomes vacuo- 
lated and paler. found lymphocytes all stages this process, 
lying together relatively small field. one case found 
one field cells which measured respectively 3.5, 3.5, 4.8, 8.0, and 9.6 
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microns diameter. choosing cells from several fields more 
regularly graded scale increasing cell diameters gradual in- 
crease girth into larger forms lymphocyte may constructed. 
This seems substantiate the claims some authors that the 
microlymphocyte can transform itself into other forms lym- 
phocyte. 

Macrolymphocytes did not occur large numbers these cul- 
tures. They showed few degenerative forms and have never 
found mitotic figures them the microlymphocytes. Since 
they are poorly demarcated from the microlymphocytes the 
one hand and the large mononuclear form the other, seems 
reasonable consider them transitional phases between the two. 
The absence mitoses both the microlymphocytes and macro- 
lymphocytes also points their being unripe. Upon degenerating, 
the macrolymphocytes faded out, leaving light blue shadows behind 
them, surrounded their extruded granules. 

The large mononuclear type either washed out the time 
implantation the cells crawl out into the plasma clot like 
dissolving the medium and leaving narrow lanes behind them, along 
which other cells follow. They can also proceed slowly means 
very fine which are extruded from their periphery, and are 
whipped back relatively rapidly, the process being repeated after the 
have slowly moved back their original positions. These cells 
originate either from clumps cells, from ameboid cell islands, 
which shall describe later, directly from the tissue particle, 
they may derived from the division cells similar themselves. 
already stated, they seem also produced from the ripened 
microlymphocytes and macrolymphocytes. They retain their typical 
form for short time only, then become actively ameboid, anas- 
tomose with one another means exoplasmatic processes, take 
quantities fat, and form primitive fat cells, become giant 
cells, cells which resemble the clasmatocyte Ranvier. They 
represent the most resistant type cell the cultures, and divide 
chiefly mitosis, although they often divide amitotically, especially 
the later stages. about the seventh eighth day the life 
unrenewed culture, they degenerate suddenly, showing the 
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phenomena karyolysis and cytoplasmatic degeneration and dis- 
integration. 

Polymorphonuclear this series ex- 
periments, well the experiment growing blood clot (page 
59), evident that these cells and not the large mononuclear 
form, formerly believed, that make the bulk the growing 
bone marrow culture. They are the first cells appear the 
border the tissue particle, beginning emigrate almost soon 
the plasma has coagulated, about fifteen minutes after im- 
plantation. They are actively ameboid, are found close the 
edge the tissue particle countable numbers, and are 
unripened, primitive type somewhat different from the circulating 
polymorphonuclear cells. the end hour they are too 
numerous count, thickly strewn, and actively ameboid. Figure 
shows their appearance this stage. They are like small myelo- 
cytes with simple, spherical nucleus, transitional forms with 
kidney horseshoe shaped nuclei, they may possess lobulated 
nucleus with two lobes, two more small spherical nuclei. 
each case the nucleus strongly chromophil this stage. They 
differ from the regular polymorphonuclear leucocyte chiefly their 
size and frequently possessing more than one nucleus when 
healthy condition. 

Chronological observations were made the fixed and stained, 
well the living and unstained preparations, every hour for 
eight hours, and thereafter every ten hours, with the exception 
the fifth and sixth days their life vitro, when they were made 
every fifth hour. means these could draw the following 
conclusions their life history the cell culture. 

The nucleus, first round, becomes indented kidney shaped, 
its two halves being finally connected with each other only the 
merest strand, which one can sometimes see small nodular enlarge- 
ments. They are seldom trilobulate like the nucleus the riper, 
circulating form. the nucleus often becomes lobulated without 
the cell becoming ameboid, conclude, with Weidenreich, that 
the two are not interdependent. The next step the transforma- 
tion the cell the tearing through the interlobular filament. 
first one sees the broken ends projecting like commas from the 
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isolated the latter soon round themselves off completely and 
long cell with two nuclei results. This process then repeated, 
the nuclei dividing and subdividing, until have prolific 
nuclear multiplication that one cell often contains several nuclei 
before the cytoplasm has divided into corresponding number 
smaller cells. These syncytia have the appearance acidophil 
giant cells. The cytoplasm increases correspondingly and one sees 
either large clumps ill defined cells, or, the division chiefly 
longitudinal, long columns chains cells, stretching out from 
the tissue particle. These chains and syncytia are formed not only 
cell division, but also the confluence neighboring syncytia 
and columns. 

These cells form line outposts which advance steadily toward 
the periphery ahead the other forms means ameboid loco- 
motion and, certain extent, cell division. They form red- 
dish halo fringe about the tissue particle. About seventeen hours 
after the implantation the tissue particle the plasma, the red- 
dish color this picket line began diminish intensity. After 
thirty-two hours had nearly disappeared, giving place bluish 
tint which became progressively darker and more marked the 
reddish color faded out. This was evident the naked eye; 
more minute examination the culture showed that this change 
color dependent upon change the constitution the 
acidophil cells well upon increase the number the 
lymphocytes present (figure 3). The acidophil cells became more 
honeycombed with vacuoles reason the production exo- 
plasmatic processes, which flow out from the cells and form broad, 
transparent pseudopodia which take particles from the plasma 
anastomose with one another. usual such cases, the endo- 
plasm shrank and the nucleus extruded its chromatin material the 
form granules, which became located either around the nucleus 
between the meshes the web-like cytoplasm. The cell, there- 
fore, loses its acidophilia, but gains exoplasm 
granules the expense the nucleus, which becomes progressively 
paler, did the case the lymphocytes. With the Giemsa 
stain one sees that the eosinophil granules are not lost, being merely 
dispersed through the swollen cell body; the newly extruded baso- 
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phil granules take dark azure blue color, while the ground 
substance the cell, which was formerly turquoise blue, forms 
dark blue network, which almost obscures the acidophil granules 
lying its meshes. The beginning and end this transformation 
reproduced figures and The nucleus becomes oval and pale, 
and has one two nucleoli which are either rounded bean shaped. 
the lobular nucleus the lobules become separated from one 
another, round themselves off, and undergo the change just de- 
scribed; or, have often seen later stages where the cells were 
beginning show degenerative changes, one lobule becomes rounded 
off, then ovoid and pale, while the other disintegrates karyor- 
rhexis and absorbed and incorporated thecytoplasm. These 
cells have, therefore, taken the same form that taken later 
the large mononuclear lymphocytes and cannot distinguished 
from 

The foregoing description applies the great majority these 
cells, but there are exceptions which undergo rather different form 
metamorphosis, which case the small cell ripens into regular 
myelocyte, which larger, not actively ameboid, and which 
stains darker red. These myelocytes become polymorphonuclear 
the process just described; but the nucleus generally has three well 
formed lobules instead two, was usually the case with the 
smaller cell. These larger cells either wander about and degenerate, 
divide mitotically into the smaller forms into forms similar 
themselves, provided that the nucleus has not yet become poly- 
morphous, they divide amitotically the nucleus lobulated. 
They also incorporate themselves the previously described columns 
syncytia, undergo the same transformation the younger 
type cells resembling the connective tissue cell. 

the immediate vicinity the tissue particle one often finds 
dark purplish cells which are slightly acidophil and hence stain 
purplish with hematoxylin and eosin. They resemble the large 
mononuclear lymphocytes every other particular. Farther out 
the plasma clot one finds cells resembling these every respect save 
one. These cells are eosinophilic, stain quite pink, and hence are 
myelocytes. the same zone with them none the purplish cells 
are found, although they showed ameboid figures the more cen- 
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tral zone and one would expect them wander out toward the 
periphery. the other hand, one finds only small number 
these myelocytes the inner zone this stage growth (three 
days). The inference is, therefore, that the purplish cells have 
undergone complete transformation pink cells, that they have 
degenerated. the latter not the case evidenced the 
fact that there are not enough degeneration forms the middle 
zone explain the disappearance the purplish cells. The large 
mononuclear lymphocyte has, therefore, probably become gradually 
more and more eosinophilic and has been transformed into myelo- 
cyte during its migration outwards. 

the small polymorphonuclear forms the third fourth day 
growth one sees beginning degeneration which manifests itself 
karyorrhexis and clasmatosis. the first case the karyosomes 
the nucleus become rod shaped, occasionally forming skein-like 
figures. the latter case the cells extrude one nuclear lobule 
pseudopodium cytoplasm, the connecting chromatin filament 
breaks through, the pseudopodium cast off, and small lymphoid 
cell that has pyknotic nucleus and about the size micro- 
lymphocyte results. These small degenerative forms often fill whole 
fields this stage and are similar to, not identical with Ehrlich’s 
pseudolymphocytes. Similar observations have already been made 
numerous authors, Weidenreich among them. 

The cells that have produced these degenerative types degenerate 
likewise, showing karyorrhexis and cytoplasmatic degeneration. 
The cells that have undergone transformation the type resem- 
bling connective tissue cells (the cell culture type) not degenerate, 
but persist for some time such, giant fat-containing 
cells. They are resistant that they retain their vitality for two 
more weeks unrenewed cultures. 

Giant cell wanders out from the tissue particle dur- 
ing the earlier stages the cell culture and breaks almost imme- 
diately into several smaller cells. not always easy determine 
whether this giant cell the strict sense the word, cell 
island. the nuclei divide rapidly, often happens, they appear 
genuine giant cells, though not, however, genuine bone marrow 
giant cells megalocytes. If, the other hand, the cytoplasmatic 
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and nuclear division occur simultaneously, they appear ameboid 
cell islands. Some them undoubtedly represent polynuclear cell 
entities, their origin can traced myelocytes large mono- 
nuclears through the division these cells the stained specimens 
well intra vitam. They divide into cells similar their parent 
cells. the other hand, one often sees cell complexes which 
resemble giant cells, but which appear more like cell islands, 
since the faint outlines the individual components may made 
out and these components may have acidophil, basophil, erythro- 
cytic characteristics, although apparently the same cell. Usually 
one does not see more than two types one cell complex, which 
case there may cell with two nuclei different types and with 
cytoplasm which half basophil and half eosinophil and very poorly 
demarcated faint dividing line. After travelling short dis- 
tance, such cells split into their component parts. have often 
followed this process and believe that case emigration 
the cell islands which wander out after the tissue framework cells 
have first emigrated and left them behind, longer held together 
the bone marrow complex. Instead dividing situ, they 
emigrate entities, divide farther out the plasma clot. This 
explanation seems more reasonable than regard these cells giant 
cells with two more differently staining compartments, areas, 
cytoplasm. Large cells the type mammalian megalocytes 
not occur these cultures chicken bone marrow. 


Incidental Observations—During the fixation the cultures one the 
series, occurred that the hollow slides became vacant might 
make new cultures them take the place the preparations undergoing 
fixation. For this purpose used bone marrow from the same stock that 
used the experiment, the material which had been kept for four hours 
room temperature. This embedded the plasma from the same source 
which had kept fluid ice since making the first preparations the series. 
The cultures were placed the incubator for over five hours after the chicken 
had been killed. They not only grew, but the emigration the cells was 
rapid and vigorous that they overtook the cultures made immediately after the 
animal was killed. They showed rather more degenerative changes than these, 
however, although the emigration continued more active. Later re- 
peated this experiment twenty-four hours post mortem, with almost good 
results, the material having been kept the ice box until the cultures were made. 
Chicken plasma can kept fluid and usable condition for over week, 
put ice and kept near the freezing point possible. 
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Granular Fat was possible follow accurately 
the synthesis fat the vital Altmann’s granules the culture 
cells, means the Altmann-Schridde stain. How the fat reached 
the granules, however, was not ascertainable. The osmic acid treat- 
ment caused brownish smudging the specimens and for that 
reason stained half them with osmic acid and the other half 
with acid fuchsin. specimens all the spherical cellular forms 
contained glistening fuchsinophil granules, which were either spher- 
ical rod shaped. With the ameboid alteration these cells and 
the increase cytoplasm, the granules became more and more 
scattered, until they were separated from one another rather wide 
intervals, the same time often becoming larger and coarser. 
osmic acid was used, these granules became lighter color and 
disappeared soon cell foam work was discernible, but re- 
mained visible the compact endoplasm well the compact 
endoplasmatic processes, where they were found continue out 
into the very tips. This was not the case with eosinophil granules. 
Treatment with osmic acid explained why the fuchsinophil granules 
remained visible the compact, and disappeared the webby cyto- 
plasm. These granules grew paler until they were almost yellow, 
then they gradually became brownish black. soon they became 
black they increased steadily size until diameter about twenty 
microns was attained. Controls with Sudan III showed that they 
had become fat droplets. 


DISCUSSION. 


Intravital the ideal basis for conclusions, but the 
unstained condition the cells renders its use difficult that was 
forced employ this method mainly control, rather than 
independent means studying the cultures. was possible fol- 
low cell division intra vitam. glistening line would appear across 
cell, bisecting it, and then this turn would bisected 
second similar line right angles with the first line, and dividing 
the cell into four compartments. This figure was retained for sev- 
eral hours, and then the four quarters wandered away from each 
other the form new cells radial direction. The chrono- 
logically graded series stained cultures was particularly adapted 
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the study the polymorphonuclear cells, which were always 
present large numbers, forming the bulk the cultures. was 
easy therefore follow these cells through their various develop- 
mental stages. Conclusions based upon such observations are 
naturally reliable, but conclusions based upon the interpretation 
transition forms are less convincing. The observations have been 
made several hundred specimens and the examinations have 
always been made radial direction, from the tissue particle 
toward the periphery. This evidence was used the description 
the transformation microlymphocytes macrolymphocytes, and 
describing the changes that resulted the metamorphosis the 
large mononuclear lymphocyte the acidophil myelocyte. The 
fact that the lymphocyte varies number different cultures 
the same series, one culture containing millions lymphocytes, the 
next very few, made impossible use the chronologically graded 
scale fixed specimens. The variation the number lympho- 
cytes can explained the varying rapidity the development 
they alter their form slowly, they will still lympho- 
cytes when they reach the middle zone the culture growth and can 
easily identified if, the other hand, this transformation rapid, 
they may have lost their lymphoid characteristics while the tissue 
particle, the thickly populated zones its vicinity, and the 
time they reach point the culture where the cells are sufficiently 
scattered allow minute examination, they have entirely 
different form and cannot then identified. must, however, 
remembered that most authorities have based their observations 
the transformation lymphocytes myeloblasts myelocytic 
types, such transition forms are now under discussion. The 
method sanctioned usage and the case examinations 
the conclusion strengthened the fact that the observations were 
always made the radial direction. 

may seen from the foregoing description the cultures and 
the general trend what has been said, that trace the development 
the cells through the following forms, the order given: micro- 
lymphocyte, macrolymphocyte, large mononuclear form, myelocyte, 
transitional horseshoe nucleus form, polymorphonuclear leuco- 
cyte, and, finally, rounding off and dechromatization the 
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nucleus, coincident with rarification and change the staining 
properties the cytoplasm, the cell culture type (table I). 

not claim that every microlymphocyte undergoes the com- 
plete transformation the manner indicated. believe merely that 
this line may gone through any microlymphocyte, and that 
each cell this order has the potentiality doing. often 


TABLE 


SCHEME OF THE DEVELOPMENT OF THE WHITE BLOOD CELLS IN VITRO. 


Lymphocyte (parent cell, mesenchyma cell, 
large mononuclear leucocyte, 
myeloblast) 


Basophil giant cell Transition form Ameboid form 
(weakly eosinophil myelocyte) 
Microlymphocyte Eosinophil giant cell Polymorphonuclear 


eosinophil 
Lymphocyte 


Basophil giant cell, etc. Ameboid form (indifferent transitional phase) 


Polymorphonuclear 
pseudolymphocyte) 


Giant cells Syncytia Cell culture type 
Fat-containing forms the same 
More resistant new type lymphocyte 


occurs that this line development interrupted various digres- 
sions, that given cell may undergo only part the complete 
transformation; for instance, that many lymphocytes over 
directly into the cell culture type without undergoing the interme- 
diate steps already indicated. The complete line given represents 
the usual, but not the invariable type. 

point favor these views the already discussed absence 
mitotic figures from the microlymphocytes and macrolympho- 
cytes, well from the small type polymorphonuclear acido- 


| 
| 
| 
4 
BS 


Nathan Chandler Foot. 


phils. seems though these cells must first ripen out cells 
more mature type before they can divide mitotically, otherwise they 
divide amitotically. 

The view that the mononuclear lymphocyte the parent ceil 
the blood cells, held the adherents the monistic school 
schakoff (6), Maximow (7), Weidenreich way dis- 
turbed the theories have advanced, for these cells mesenchy- 
mal origin produce microlymphocytes and polymorphonuclear leuco- 
cytes, and the former, later life, undergo the changes have 
described. 

Authorities differ just how these large, indifferent, lymphoid 
cells mesenchymal origin are transformed from one form the 
other, but the theories advanced concerning these transforma- 
tions the majority conforms more less closely what have 
deduced from the series cell cultures. 

The dualistic school, the other hand, distinguishes between 
lymphocytes, cells peculiar lymphoid tissues and the blood, and 
myeloblasts, forerunners the myelocyte, and believe that the 
latter are entirely different from the lymphocytes their properties, 
although they can distinguished from them only with difficulty. 
Formerly was thought that two characteristics, vital granules 
(Maximow (9), Schridde (10)) clear space halo around 
the nucleus were present the lymphocyte and absent from the 
myeloblast. The first difference had abandoned after vital 
granules had been demonstrated antagonists the theory, and 
had then been found those who had advanced the theory. The 
second difference between the two cells seems questionable, 
the majority cultures showed large numbers mono- 
nuclear cells lymphoid type, with the above mentioned clear 
space around the nucleus, particularly noticeable just after karyo- 
kinesis. These cells were every way identical with those which 
became myelocytes the manner that have described. has 
been claimed that these leucocytes could divide amitotically, 
breaking through the chromatin filament the nucleus the 
manner have described. Arnold (11) held this progressive 
phenomenon, true amitosis, and was supported his view 
various investigators. Weidenreich (8) emphatically denies that 
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this the case with the circulating forms, but says that while 
purely regressive degenerative phenomenon the circulating 
cell, does, however, occur progressive and apparently normal 
fashion the cells transudates which are isolated from the circu- 
lation. Our cells exist outside this current and are therefore living 
under approximately the same conditions cells transudate. 
could, therefore, assume that the process this case 
adaptive and progressive one. all events there can question 
degeneration these cells the time they undergo vitro the 
changes under discussion. They are quite healthy appearance, 
show pyknosis, other degenerative changes, multiply rapidly 
number, and increase steadily cytoplasm. 

The extrusion one nuclear lobule, with the concomitant pro- 
duction pseudolymphocytes, which seen the later stages 
culture growth, doubtless purely degenerative nature. 
Weidenreich considers the formation lobules the polymorpho- 
nuclear leucocyte degenerative process; but this apparently not 
the case the young, unripe forms polymorphonuclear acido- 
phils cell cultures, they dividing and multiplying and 
transform themselves the more resistant type cell culture cell 
which, have already pointed out (1), have frequently found 
mitotic figures. 

Perhaps the most important point considered connection 
with these cells the possibility their being transformed into 
true connective tissue cells. This possibility was one time the 
center discussion, but with the broad dissemination the 
doctrine specificity, this idea has been crowded into the back- 
ground. Weidenreich does not mention it. says, however, 
that not only can eosinophils occur the connective tissue, the 
lower animals (ovipara, for instance), but that they can also 
produced that tissue, independently the blood current. Dant- 
schakoff the chief exponent this conception. According her, 
these cells always have spherical granules contradistinction 
those the circulating blood, whose granules are rod shaped. The 
granules our eosinophils were spherical when eosinophilic, and 
spherical rod shaped when fuchsinophilic. Maximow 
followers have long contended that the lymphocytes could become 
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connective tissue cells. The question the possibility the 
eosinophils undergoing similar changes much less understood. 

has been shown that these cells cultures closely resembled 
connective tissue cells, fat cells, and clasmatocytes. Whether they 
became genuine connective tissue cells not not yet settled. 
the suggestion Professor Borst, who proposed that find 
some means definitely excluding from the cultures all but 
the blood cells, took blood from the external jugular vein 
chicken the usual manner, centrifugalized little longer 
than usual, set aside the supernatant plasma, and then collected 
with pipette the top layer corpuscles, which were largely 
leucocytes. This blood allowed clot and used the clot for mak- 
ing series cell cultures, teasing little bits away from and 
embedding them the plasma. They were incubated for four days 
and during this time the emigration and growth coincided with that 
the bone marrow every respect save two,—the growth was 
more rapid and more degenerative its tendency, and there were 
genuine fibroblasts found. The transformation the 
polymorphonuclear leucocytes coincided every particular with that 
seen the bone marrow the cell culture type was produced, 
were also giant cells, fat-containing cells, and syncytialoid cell 
complexes. genuine intracellular were produced. 
Owing the migration wedge shaped clumps leucocytes, 
channels were formed the plasma clot, which were apparently 
immediately filled with erythrocytes. The expectation that these 
primitive blood vessels would become organized was, unfortunately, 
not realized. They remained their original form for few days 
and then the blood vessels were converted into columns strands 
dead erythrocytes and actively phagocytic leucocytes which de- 
voured them. shall continue the experiment with human and 
chicken blood. 


CONCLUSIONS. 


The development the polymorphonuclear leucocyte from 
mesenchymal, lymphoid type cell possible adult life and 
vitro chicken bone marrow. 

These cells can rapidly proliferate means amitotic divi- 
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sion unripe form very similar to, but smaller than themselves. 

All the cells chicken bone marrow can undergo trans- 
formation type cell resembling, although not proved 
identical with the cells connective tissue. 
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EXPLANATION PLATES. 


The drawings were made with the Abbe drawing prism before the granules, 
nuclei, etc., were drawn in. The stage and drawing were the same level, 
normal tube length. Zeiss ocular oil immersion, objective. 


Fic. Eosinophils the small type after three hours’ incubation. Iron 
hematoxylin and eosin. 
Fic. After thirty-four hours. The cells are much larger, several having 
taken the cell culture type, and have become basophil. Notice the marked 
production exoplasmatic processes. Iron hematoxylin and eosin. 


PLATE 


Fic. The same type after seventeen hours. the nucleus still horse- 
shoe shaped; partially transformed cell, half eosinophil, half basophil. 
Iron hematoxylin and eosin. 
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STUDIES FERMENT ACTION. 


VI. RELATION IMMUNE SERUM LIPASE 


JAMES JOBLING, M.D., ann CARROLL BULL, M.D. 
(From the Morris Institute for Medical Research, Chicago.) 


INTRODUCTION, 


Specific serum hemolysis has been subject continuous inter- 
est investigators immunity problems since Bordet discovered 
the specificity the reaction and was able study vitro. 
Many points general significance and wide practical application 
were first. observed through consideration this interesting 
phenomenon. Endeavoring determine the basic principles under- 
lying specific serum hemolysis, Ehrlich established many important 
facts concerning the different factors involved and was led 
formulate his side-chain theory immunity. This well known 
theory has been unquestionably the means great advancement 
our knowledge immunity reactions, having furnished terms for 
thought and reasoning this field for the last decade. Through 
efforts learn the true nature complements and amboceptors 
and their manner action bacteriolytic and hemolytic reactions, 
Bordet and Gengou first observed the phenomenon complement 
fixation. The observations these pioneer investigators 
hemolysis have led the establishment science serological 
diagnosis and therapy, and many facts have been established con- 
cerning the properties and characteristics complements and am- 
boceptors, but their true nature and manner operation are not yet 
thoroughly determined. 

Complements and amboceptors are, doubt, definite chemical 
entities and have special affinities for, and action upon other chem- 
ical entities. other reasoning can understand explain 
the presence forces sufficient bring about the changes caused 
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these agents. That are not dealing with ordinary chemical 
reactions well established, since the laws chemical equivalents 
and definite proportions not hold good. The efforts physical 
and colloidal chemists have also failed explain satisfactorily the 
behavior the agents concerned these reactions. Therefore, 
reasoning process elimination, are almost forced 
believe that complements and amboceptors are the nature 
ferments and occasion the results ascribed them contact action. 
Some investigators have already accepted the ferment nature 
these agents, but their conclusions have been reached through 
analogies and generalizations, definite and positive proof having 
been furnished. 

The isolation individual ferments and identification them 
their own physical and chemical properties being present 
impossible, can study them only determining the changes 
they are capable causing being contact with different sub- 
stances under specified conditions. The effects ferments upon 
substrata may considered estimating the quantities sub- 
stances that have disappeared from the medium determining 
the nature and amounts new substances formed the action 
the ferments upon some known original material. the 
majority instances the latter method the most convenient. 
Hence study the end products the action hemolytic ambo- 
ceptors and complements has been undertaken with the hope 
determining more definitely the character these agents and their 
manner action, that principles may established which can 
carry other lines immunity work. 

previous paper (1) reviewed the observations various 
authors the relation lipolytic and hemolytic agents. was 
noted that many hemolytic substances have particular lipolytic 
properties, leading some authors think hemolysis kind 
lipolysis. was further noted that lipoids certain lipoidal com- 
binations may act antigens, and that there increase the 
serolipase animals immunized foreign red blood cells. 
experimental procedures determined that the sera animals 
(rabbits) treated with alien erythrocytes (hen) have not only 
increased lipolytic action such substances 
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lecithin, butter fats, etc., but that they have also special lipolytic 
action upon the corpuscles with which the animals were treated. 
The results these experiments were considered definite enough 
justify the conclusion that immune hemolytic sera contain 
specific immune lipase. 


RELATION IMMUNE SERUM LIPASE SENSITIZATION. 


determine whether this specific lipase plays essential part 
specific serum hemolysis, another series experiments has been 
undertaken. Hemolytic sera high titer were diluted with nine 
parts 0.85 per cent. sodium chloride solution and heated 
water bath for thirty minutes 70° The hemolytic strengths 
the heated sera were again determined. The heating caused 
material reduction the power the sera, but they were still 
within the limits special action. The heated and unheated sera 
were then tested for their lipolytic action ethylbutyrate and the 
specific corpuscles. 


The hemolytic sera were produced immunizing rabbits with washed cor- 
puscles, and were standardized using 0.5 c.c. per cent. suspension 
washed corpuscles and 0.04 guinea pig complement. The lipolytic action 
the immune sera the specific corpuscles was determined incubating 
c.c. per cent. suspension the corpuscles for two hours 37° with 
twice the number units serum (0.5 c.c. being unit corpuscles). The 
acidity the incubated mixtures was estimated adding two drops per 
cent. alcoholic solution phenolphthalein the boiled solutions and titrating 
with sodium hydroxide from burette. The results were recorded 
the number cubic centimeters sodium hydroxide necessary neu- 
tralize 100 c.c. the titrated mixtures. The lipolytic action the sera 
foreign fat was also determined. this purpose c.c. 0.85 per cent. 
sodium chloride solution were put series Erlenmeyer flasks. After the 
addition c.c. toluol and c.c. per cent. alcoholic solution 
phenolphthalein, the solutions were brought the boiling point drive off the 
carbon dioxide. When the flasks had cooled 37° C., the desired amount 
serum was added each. The mixtures were then neutralized with N/50 sodium 
hydroxide; c.c. acid-free ethylbutyrate was put each flask, shaken one 
hundred times get homogeneous emulsion, and incubated 37° for four 
hours. the end this time, all flasks were immediately cooled and 
titrated with sodium hydroxide. These results were also recorded the 
number cubic centimeters N/1o sodium hydroxide necessary neutralize 
100 c.c. the titrated mixtures. The results appear tables and II. 
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No. table where four units corpuscles were incu- 
bated with eight units fresh immune serum, the acidity figure 
2.5. Slight hemolysis occurred here because the native comple- 
ment present. The heated serum (No. gave acidity only 
0.8. control tests show that the combined acidities produced 


TABLE 
No. speci- Hemolytic Guinea pig Acidity. Hemolysis. 
men, cles. serum. complement. 
units H.S. 0.4 None. 
units 0.4 None. 


the individual elements alone more than equal this acidity. There 
being interaction serum and corpuscles, the lipase has evi- 
dently been entirely destroyed. No. this same table shows that 
the heated serum still capable producing hemolysis the 
presence complement, and also indicates that high degree 
acidity not necessary for hemolysis. The results the 


per cent. sodium Immune and hemo- 


next protocol, table II, where the fresh and heated sera were 
tested for their lipolytic action ethylbutyrate, show that heating 
70° for thirty minutes destroys the lipase the serum for 
alien fat. 

hemolytic serum whose lipase has been completely destroyed, 


serum; serum heated 70° for one hour. 


The serum was heated the degree indicated for thirty minutes before 
was added. 
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still capable producing specific serum hemolysis, the specific 
lipase plays essential part its hemolytic action. Hence 
inferred that the action hemolytic amboceptor not specifi- 
cally directed against the lipoid constituents the cells. This 
special interest since the lipoid content cells believed play 
very important part governing the diffusion substances through 
their limiting membranes. But the elimination action 
the part the amboceptor serum does not exclude all lipase action, 
since non-specific lipase always present the fresh guinea pig 
serum used complement. further work was undertaken 
determine, possible, the relation non-specific lipase action 
specific serum hemolysis, see whether lipase-free hemolytic 
system possible. 


LIPASE AND COMPLEMENT. 


Having obtained amboceptor which had lipolytic action, 
next directed our efforts toward the separation complement and 
lipase, get lipase-free complement. this purpose various 
methods were employed. 

Heat thermal “death points” complement 
and serum lipase are related, the lipase being somewhat more 
resistant heat than complement, that not possible destroy 
the lipase serum heat without destroying the complement 
the same time. This especially true when the serum heated 
the liquid state. dried condition complement very resistant 
heat, was shown Noguchi (2). The thermostability 
dried serum lipase being unknown us, was thought possible 
separate from complement heating dried serum certain 
temperatures. this test definite amounts fresh guinea pig 
serum were put soft filter paper, dried current air 
low temperature, heated various degrees for hour, and then 
dissolved 0.85 per cent. sodium chloride solution. When com- 
plete solution had occurred, the serum was examined for its comple- 
ment and lipolytic properties the usual methods. The results 
showed that temperature which sufficient destroy the lipase 
destroys the complement, and vice versa. is, therefore, not pos- 
sible obtain lipase-free complement heat methods. 
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Chemical study the lipoid nature comple- 
ment, Friedemann and Hertzfeld (3) observed that complement was 
not destroyed extractions with water-free alcohol, ether, chlo- 
roform, where the serum was previously dried upon soft paper. 
determine the effect such extraction upon the serum lipase, defi- 
nite amounts fresh guinea pig serum were dried upon soft filter 
paper current air and then kept over sulphuric acid for ten 
hours order insure thorough drying. When desiccation was 
thought complete, the papers were repeatedly extracted with 
alcohol, ether, chloroform, respectively. The serum was redis- 
solved 0.85 per cent. sodium chloride solution and tested for 
complement and lipase action the usual ways. Portions serum 
treated with chloroform and ether had not lost either lipolytic 
complementary action. The portion treated with alcohol had 
lost its complement action, but this result was thought due 
small percentage water the alcohol used. These results show 
that serum lipase not extracted with the lipoids. 

Serum Fractionation.—Different ferments and antiferments have 
been found attached more less strictly some certain fraction 
the serum proteins. Thus Landsteiner (4) reports that antitrypsin 
remains the albumin portion the serum. Glaessner (5) claims, 
however, that this antiferment separated with the euglobulin. 
has been shown Opie and Barker (6) that the serum albumin 
contains antiferment for leucoprotease. Hedin (7) has observed 
that weak proteolytic ferment remains the globulin fraction, 
while antibody found with the albumin portion. Accord- 
ing the findings Pick (8), all lysins, agglutinins, and precip- 
itins are separated with the globulins serum fractionated with 
ammonium sulphate. 

Noguchi and Bronfenbrenner (9) have shown that the essential 
part complement the albumin portion the called split 
complement,” being able get characteristic complement action 
without the presence the globulin fraction. Thus, seems that 
each ferment and antibody found blood serum bears special 
relation some one its components and easily separated from 
the others. serum lipase not exception this rule, and 
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adheres the globulins, solution the question under con- 
sideration can reached serum fractionation. 

Fresh guinea pig serum was treated according the hydrochloric 
acid and dialyzing methods splitting complement. The two frac- 
tions, albumin and globulin, were tested for complement and lipase. 
The hemolytic system already described was used for the comple- 
ment estimation. The lipase action the two portions was de- 
termined using ethylbutyrate substrate, the test being put 
the manner previously mentioned. The results were recorded 
the number cubic centimeters sodium hydroxide 
necessary neutralize 100 cubic centimeters the resultant solu- 
tions. Tables III and typical protocols these 
experiments. 


TABLE III. 
0.5 0.04 Complete. 
(Neutral phenolphthalein) 


table III the hydrochloric acid method was used split the 
complement. have ideal case complement splitting, 
ihe end-piece and mid-piece causing hemolysis when acting 
separately, and causing complete hemolysis when combined. 
No. the end-piece gave complete hemolysis after neutralization 
phenolphthalein. argued Noguchi and Bronfenbrenner, the 
entire complement must remain the albumin portion and 
merely inactivated the excess alkali present. 

ascertain the lipolytic action the end-piece and mid-piece, 
ten cubic centimeters the albumin and globulin fractions the 
split complement used protocol III were diluted with fifteen cubic 
centimeters 0.85 per cent. sodium chloride solution and put 
flasks and respectively. After adding 0.1 cubic centimeter 
per cent. alcoholic solution phenolphthalein, the solutions 
were neutralized with sodium hydroxide. Then one cubic 
centimeter acid-free ethylbutyrate was put each, and the flasks 


od 
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were incubated for four hours 37° test five cubic 
centimeters each portion were used. Since the amounts used 
the above numbers correspond one cubic centimeter the original 
serum, one cubic centimeter the whole serum was added test 
Test was used control, serum being added. the 
end the incubation period, all the solutions were immediately 
titrated with sodium hydroxide and the results recorded 
the number cubic centimeters sodium hydroxide neces- 
sary neutralize 100 cubic centimeters the mixtures. The re- 
sults appear table IV. 


TABLE IV. 
No. per cent. Guinea pig 
specimen. sodium Mid-piece. serum, Acidity. 


test table ten cubic centimeters the end-piece gave 
5-4 acidity. Test mid-piece, gave only 0.2, the same test 
(control). Five cubic centimeters each fraction were combined 
test and the acidity reduced almost half. One cubic centi- 
meter the whole serum (4) produces the same acidity the 
albumin fraction from this quantity serum. These tests show 
that the lipase was completely removed with the albumin fraction 
split complement. the essential part complement and all 
the serum lipase remain the same portion fractionated serum, 
are nearer solution the question under consideration, 
but have further evidence intimate association between 
serum lipase and complement. 

RELATION THE LIPOLYTIC ACTION DIFFERENT SERA AND THEIR 
COMPLEMENTING PROPERTIES FOR RABBIT AMBOCEPTOR. 

the course the above experiments strict parallelism was 
observed between the lipase actions and complement strengths 
rabbit and guinea pig sera. was considered interest see 


*The end-piece was neutralized with hydrochloric acid, since was 
alkaline reaction. 
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whether this same relation holds good for the sera other animal 
species. For this purpose the sera several animals (man, rabbit, 
cat, sheep, dog, and ox) were collected and prepared the usual 
way and comparison complement and lipolytic properties was 
made. The complement tests were made using hen corpuscles 
and anti-hen rabbit amboceptor the other elements hemolytic 
system. The lipase action the sera was tested with ethylbutyrate 
substrate. All sera were tested when twenty-four hours old. 
The amounts acid produced the different sera, their comple- 
ment titers, with comparison all the sera with that the 
guinea pig, are recorded table 


TABLE 


Comparison the Comparison the 
No. speci- Complement lipase action 
men. titer. guinea pig serum guinea pig serum 
with the other sera. | with the other sera. 


From table seen that the direct proportion between the 
lipase and complement properties guinea pig and rabbit sera 
strictly true some the other sera (human, cat) and largely 
true all the sera examined. The significance this observation 
is, however, somewhat lessened the fact that only amboceptor 
from the rabbit was employed, for well known that the com- 
plementing power serum largely dependent upon the source 
the amboceptor used (Muir (10) and Noguchi and Bronfen- 
brenner But large majority cases, regardless the 
source the amboceptor, guinea pig serum furnishes the most 
active and stable complement; the same true its lipase action. 
These observations not afford any definite conclusion the 
relation lipase and complement, yet these two substances are 
intimately associated. 
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CONCLUSIONS. 


The specific lipase immune hemolytic serum not neces- 
sary for hemolysis, but this does not prove the non-necessity 
lipolytic action serum hemolysis, since lipase always present 
the complement serum. 

Serum lipase found the end-piece split complement. 

There parallelism between the lipase content and comple- 
ment strength the sera different animals (man, rabbit, guinea 
pig, sheep, ox, cat). 
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STUDIES THE INORGANIC METABOLISM 
MONIA WITH ESPECIAL REFERENCE 
CALCIUM AND 


FRANCIS PEABODY, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research, New York.) 


Most the investigations which deal with the metabolism 
inorganic substances pneumonia have been devoted the study 
the chlorides. The retention chlorine, perhaps the most easily 
demonstrable the various disturbances metabolism during 
fever, constant and pronounced pneumonia that has 
assumed diagnostic importance. That much less attention has been 
paid the excretion the bases probably depends the fact that 
somewhat more complicated analytical methods are needed. 

The excretion sodium and potassium was, however, compre- 
hensively studied who found that sodium, well 
chlorine, retained during fever, but that potassium continues 
excreted. The normal relationship which the amount sodium 
excreted exceeds that potassium, was shown reversed dur- 
ing the febrile stage several cases pneumonia. The metabolism 
calcium was later investigated von Moraczewski,? who demon- 
strated balance experiments that there true retention 
chlorine. the same time von Moraczewski made few ob- 
servations the excretion magnesium, one case for period 
eight days, and another for two days, and found evidence 
retention. Beyond this, however, there little mention the litera- 
ture the metabolism magnesium during pneumonia. 

Tables and show the results analyses for chlorine, calcium, 
and magnesium the urine. They are typical examples sixteen 
Received for publication, September 27, 1912. 
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TABLE 
The Excretion Chlorine, Calcium, and Magnesium the Urine Pneumonia. 

0.50 0.053 0.074 
102.4 0.88 0.023 0.383 
105.0 0.83 0.022 0.127 
99.4 0.040 0.260 
99.6 0.72 0.136 
98.0 4.49 0.258 0.156 
98.2 5.93 0.408 0.225 
98.0 10.05 0.675 0.274 
97.6 9.33 0.686 0.243 
99.4 3-95 0.017 0.455 
98.8 4.49 0.053 0.467 
99.0 5.04 0.022 0.484 
97.8 7-71 0.340 0.364 
98.0 6.96 0.290 0.271 
98.0 3-34 0.174 0.165 
97.8 0.414 0.347 
98.6 5.98 0.312 0.282 
104.8 1.28 0.036 0.454 
104.0 1.18 0.023 0.240 
0.83 0.017 0.225 
102.0 0.55 0.162 

100.8 0.99 
102.0 3.81 0.109 
100.6 3-76 0.152 0.165 
100.4 4.73 0.201 0.139 
100.2 6.69 0.184 
100.9 0.58 0.013 
100.5 0.75 0.039 0.307 
100.6 0.031 0.203 

99.0 0.076 
103.3 0.48 0.029 0.312 
0.93 0.026 0.180 
99.8 6.43 0.099 0.146 
104.2 0.020 0.099 
99.0 0.017 0.215 
98.8 0.169 0.128 
0.223 0.205 
98.0 0.332 0.223 
98.0 0.344 0.194 
0.13 0.008 0.008 
104.0 0.24 0.020 0.013 
103.4 0.37 0.041 0.051 
0.34 0.027 0.302 


a 
4 


Francis Peabody. 


TABLE 


99.0 0.017 0.313 
98.4 8.51 0.071 0.222 
98.0 14.03 0.084 
98.4 8.58 0.169 0.210 
98.0 0.208 0.226 
98.0 11.78 0.273 0.263 
98.0 13.38 0.273 0.251 
99.6 0.99 0.032 
99.4 3.85 0.043 0.169 
99.4 6.22 0.059 0.153 
98.4 0.104 0.215 
98.4 9.59 0.189 
98.4 8.08 0.132 0.213 
98.6 23.38 0.431 0.221 
XII 104.4 0.62 0.018 0.214 
104.2 1.56 0.020 0.367 
104.2 3.28 0.022 0.209 
104.0 4.29 0.021 0.341 
103.0 3.08 0.050 0.281 
98.6 2.92 0.236 
98.2 7.29 0.136 0.042 
98.4 15.86 0.351 0.082 
98.8 17.71 0.321 0.250 
99.4 12.48 0.206 0.192 


Case XII received gm. sodium chloride daily. Case VII received 
cases VIII and XIV, gm., and cases XIII and XV, gm. calcium lactate 
daily addition their diet. (For cases XIV and XV, see table II.) 


cases pneumonia which rather extensive studies the urine 
were made. They show, agreement with von Moraczewski, that 
there constantly retention calcium during the height the 
disease. This calcium retention persists often for some days after 
the temperature has fallen normal, and the excretion calcium 
begins almost simultaneously with the excretion chlorine. The 
figures for magnesium are also remarkably uniform and indicate 
clearly that this base not retained, but that excreted normally 
both febrile and afebrile stages the disease. many in- 
stances, indeed, spite the restricted diet, there definitely 
more magnesium excreted during the fever than there after the 
fever has passed. The only case which there was any evidence 
retention magnesium was seen case this case, how- 
ever, the three days which low quantities magnesium were 
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TABLE II. 
ingm.| in gm. gm. in gm. 
0.162 0.152 1.272 0.234 5.9 0.44 
105.8 0.109 0.155 3-475 0.433 4.3 0.28 
105.7 0.084 0.480 4.1 0.27 
104.6 0.062 1.765 0.213 4.5 0.30 


excreted, the urine contained amounts albumen which were much 
larger than are ordinarily found pneumonia. probable, then, 
that the retention magnesium depended here upon nephritis, 
which Rumpf* has shown may interfere with the excretion any 
the inorganic bases. This view borne out the fact that the 
sudden rise the magnesium excretion coincided with marked 
drop the albumen the urine. The demonstration that the 
excretion magnesium goes normally pneumonia during the 
period which calcium and chlorine are retained, point evi- 
dence against the frequently recurring suggestion that chloride 
retention depends kidney lesion. 

order certain that calcium starvation was not 
rise urinary picture which might simulate retention cal- 
cium, several patients received calcium lactate (four six grams 
daily) addition the calcium their regular diet. the diet, 
especially the febrile period, contained considerable amounts 
milk, the daily calcium intake was liberal one. That there 

Th., Miinchen. med. 1905, lii, 
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especial difference the absorption calcium from the intestine 
the febrile and afebrile periods shown cases XIV and XV, 
which the stools were analyzed for calcium and magnesium. The 
food was not analyzed, but inasmuch during the febrile period 
the patients were practically milk diet and all food was 
measured with great care, possible calculate fairly closely the 
intake calcium and magnesium. Unfortunately both these 
cases specimens urine were lost, that the results for certain 
days had thrown out, but spite this they both show that 
the excretion magnesium the urine and feces greatly exceeded 
the intake. There thus loss magnesium the body during 
the febrile period. The relation between the amount magnesium 
the feces and that the urine was about the same the two 
periods. 

The disturbance the urinary excretion inorganic substances 
pneumonia is, therefore, profound. the one hand, there 
retention the body sodium, calcium, and chlorine. the 
other hand, there normal excessive excretion potassium 
and magnesium. The normal quantitative relation sodium 
potassium and calcium magnesium reversed the febrile 
urine. interesting that sodium and calcium, the retained bases, 
occur larger proportions than magnesium and potassium 
body fluids. muscle the ratio reversed. The excessive excre- 
tion potassium and magnesium during fever thus falls line 
with the high nitrogen excretion, and all three undoubtedly repre- 
sent the increased tissue catabolism. This general type metab- 
olism undoubtedly characteristic fever infection. not 
supposed that any way specific for pneumonia, but the 
sharp change from the febrile the afebrile period lobar pneu- 
monia gives good opportunity for studying the process. 


ANALYSES THE BLOOD DURING AND AFTER THE FEBRILE PERIOD. 


order study the mechanism the retention inorganic 
substances more directly, the blood was analyzed during the period 
retention and again after excretion had begun. The quantitative 
estimation chlorine the blood comparatively simple and, 
the amount chlorine present considerable, the errors are small 
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and the results more reliable than the case calcium. number 
isolated observations have already been made the chlorine 
content the blood pneumonia. Biernacki,* 
Runeberg,® and have each reported one 
two cases which they found decrease the chlorine content 
during fever, and Schenk’s case there was rise during convales- 
cence. Vanderhoof® gives two cases with figures for the febrile 
period which are slightly below his average. One these showed 
fall the day after the crisis. von has made 
more thorough study and has reported eight cases, most which 
showed diminution chlorine the blood during the fever. 
three cases second examination was made after the crisis and 
two rise was noted, while one there was fall chlorine. 
states that the chlorine content the blood higher dur- 
ing the febrile period than afterward. analyzed pleu- 
ritic effusions from cases pneumonia and found that they con- 
tained less chlorine than effusions other diseases. 

obtain complete information possible about the chlorine 
content the blood during fever and about the relation changes 
the blood changes the urinary excretion, eight cases were 
studied and twenty-three observations were made (table III). The 
blood was taken during the period chlorine retention, and five 
cases again shortly after chlorine excretion had begun. Several 
the cases were given sodium chloride mouth avoid having 
chlorine starvation. Eight control observations one normal 
adult and four syphilitics (without fever) gave average normal 
chlorine content 0.276 gram per 100 grams blood. 
only one case uncomplicated pneumonia was this figure ap- 
proached during the first period. The other cases show much 
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lower chlorine content the blood during chlorine retention, 
and all cases examined show rise the chlorine the blood when 
the chlorine begins excreted the urine. The third observa- 


TABLE 


Chlorine per 100 
gm. blood. Chlo- 


empera- excrete 
of Date. por F During | During | in urine Remarks. 
case. 
chloride|chloride 24 
| reten- | excre- hours. 


tion tion. 


Mar. 0.226 |Three hours before death. 


Mar. 103.3 0.265 0.35 
Mar. 0.276 0.48 


|Blood taken hours after eating 
gm. sodium chloride. 


III 99.5 0.253 0.53 |Crisis during preceding night. 
Mar. 99.0 0.252 0.58 
Mar. 98.0 4.70 
Mar. 99.2 0.254 1.06 
Apr. 101.6 0.256 0.10 |Received gm. sodium chloride 
twice daily, beginning April 
Apr. 102.0 0.245 0.08 
Apr. 99.6 0.274 0.70 |Developed acute nephritis. 
twice daily, beginning April 18. 
Apr. 98.4 0.261 3.61 


Apr. 102.5 0.256 
May Normal 


the evening before, and gm. 
sodium chloride three hours before 
blood was taken. 


tion case shows rise chlorine the blood without corre- 
sponding rise the urine, but this time severe acute nephritis 
had set in, that the blood finding characteristic for that condi- 
tion. The results obtained thus agree with the bulk 


= 

0.38 
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evidence, and make certain that chlorine retention pneumonia 
associated with low chlorine content the blood. 

There very little available evidence the calcium and mag- 
nesium content the blood pneumonia. Both these bases are 
present such small quantities that large amount blood must 
taken for analysis, and even then the error liable con- 
siderable. von gives the results analyses for cal- 
cium two specimens blood from persons who had died 
pneumonia. These contained 0.003 and 0.002 gram calcium 
per 100 grams blood. another reports several analy- 
ses for calcium, but they were made specimens only seven 
fifteen cubic centimeters blood, and the precipitates were small 
that puts value the found higher per- 
centage calcium the blood patient with pneumonia than 
specimen normal using the method Bell 
and reports finding low calcium index pneumonia. 

Table shows the results for calcium and magnesium obtained 
the analysis blood from seven patients during and after the 
period calcium retention. Each determination was made 
specimen 100 125 cubic centimeters blood, but the figures 
for both bases are small that the results are much less satisfactory 
than was the case with chlorine. the two cases, however, 
which blood was taken both during and after the period calcium 
retention, the amount calcium the blood was lower during 
retention than was after excretion had begun. seven indi- 
vidual analyses during the period retention show considerable 
variations, but the average lower than the average the four 
observations made the normal period. certain, then, that 
there accumulation calcium the blood, often occurs 
The results suggest that pneumonia the mechanism 
calcium retention the same that chlorine, and that their 
retention bears relation kidney lesions. Since generally 
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conceded that the sodium that retained combined with chlorine, 
safe conclude that the excretion calcium, sodium, and 
chlorine hindered the same cause. 

the blood the amount magnesium, like that calcium, varies 
somewhat from case case, but the two instances which the 
blood was examined during the febrile, and later during the afebrile 
period, the quantity magnesium was found rise after the fall 
fever. Similarly, the average all the examinations made dur- 
ing the febrile period slightly, but distinctly lower than those 
made the afebrile period. The condition thus exactly similar 
that found the analyses for calcium, and this more interest- 
ing since, under the circumstances, magnesium excreted large 
amounts, while calcium scarcely excreted all. his case 
pneumonia also found increase the magnesium over 
that his control. Thus the evidence the amount calcium 
and magnesium the blood and their excretion the kidney dur- 
ing fever shows that the essential factor explaining excretion 
and retention neither the kidney nor the blood, but that order 
find explanation one must back step farther the tissues 
themselves. the case magnesium the tissues continually give 
large amount the base the blood and this readily and 
normally excreted the kidney, that there accumulation 
the blood. Calcium, the other hand, retained them and 
given off the blood only small amounts. explain the fact 
that the magnesium content the blood lower during fever than 
afterwards difficult, but one may perhaps suggest that time 
when sodium and calcium are being excreted very small amounts, 
the kidney able excrete magnesium and potassium even more 
easily than normally. 


THE RETENTION SALTS THE TISSUES. 


would seem priori comparatively easy demonstrate the 
presence these retained substances the tissues. Many investi- 
gations have been made discover what tissues retention takes 
place, but although differences may found between the chlorine 
content organs from patients with pneumonia and from patients 
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dying other diseases, these are usually not marked enough 
prove that any one organ acts storehouse. While more chlorine 
found the pneumonic lung than the normal lung, the differ- 
ence means accounts for the degree retention many cases. 
examples the amount chlorine that may retained the 
pneumonic exudate, two cases may cited which one lung was 
practically completely solidified and the other quite free signs 
pneumonia. the first case the normal lung contained 1.022 grams 
chlorine, and the pneumonic lung 2.838 grams. The second 
patient had received ten grams sodium chloride the two days 
before death and had excreted practically none. The normal lung 
contained 0.715 gram chlorine, and the solidified lung 2.916 
grams. Thus neither case was much more than two grams 
the retained chlorine accounted for the lungs. The majority 
observers have found even less retention the other organs. The 
small amount chlorine found the tissues the more surprising 
when one realizes the extent which retention may carried. 
One patient received ten grams sodium chloride daily for six 
days, and during the same period excreted less than sixteen grams. 

account the work who showed intra- 
venous injections sodium chloride dogs that the skin store- 
house for chlorine, seemed worth while determine the chlorine 
content the skin pneumonia, especially there are very few 
analyses skin record. The skin two control cases contained 
0.196 per cent. and 0.178 per cent. chlorine respectively. Skin 
from three patients who died pneumonia contained respectively 
0.169 per cent., 0.193 per cent., and 0.194 per cent. chlorine. The 
difference between the controls and the pneumonia cases thus too 
small any importance. also found evidence 
any especial retention the skin. 

The evidence present points the fact that the retained salts 
are deposited the tissues throughout the body, and that the per- 
centage increase any one organ slight that not brought 
out strikingly the chemical analysis. 


Padtberg, H., Arch. exper. Path. Pharmakol., 1910, 60. 
A., loc. cit. 
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METHODS. 


The chlorine the urine was titrated according the method 
Calcium and magnesium the urine were determined method. 

the analyses for chlorine the blood, about c.c. blood were 
taken into oxalate solution. The coagulable proteid was precipitated adding 
per cent. magnesium sulphate and per cent. acetic acid, boiling, neutralizing 
with per cent. sodium hydrate, and boiling again. The chlorine was titrated 
the filtrate. Calcium and magnesium were determined samples 100 
130 c.c. blood. The blood was ashed platinum crucible, according 
method, and the bases were determined McCrudden’s method. 
Tissues were ashed similarly, and the chlorine was titrated. 


greatly indebted Miss Vinograd for much assistance 
the analytical work. 


CONCLUSIONS. 


During pneumonia the metabolism inorganic substances devi- 
ates markedly from the normal. While chlorine, sodium, and cal- 
cium are retained the body, potassium and magnesium are ex- 
creted normally excess. Two cases showed definite loss 
magnesium the body the febrile period. 

During the period retention the chlorine content the blood 
distinctly lower than normally, the calcium content apparently 
slightly lower, and the magnesium content tends also little 
lower. 

The skin shown play special part the chlorine retention. 
Since organ organs have been shown store large amounts 
the retained substances, probable that they are spread dif- 
fusely throughout the body. 


Harvey, C., Arch. Int. Med., 1910, vi, 12. 
H., Jour. Biol. Chem., 1911-12, 187. 
G., Ztschr. Biol., 1876, xii, 
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ABSORPTION ARSENIC FOLLOWING INTRA- 
MUSCULAR INJECTIONS SALVARSAN AND 
NEOSALVARSAN.* 


HOMER SWIFT, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research, New York.) 


PLATE 


The introduction neosalvarsan has reopened the question 
intramuscular injections organic arsenic preparations. This 
method introduction salvarsan into the body was abandoned 
because the pain and necrosis that followed it. These unde- 
sirable made impossible repeat the injections, and 
because repeated intravenous injections can easily given, the 
intravenous method has almost entirely replaced the intramuscular. 

Last year studied the rate absorption arsenic following 
the intramuscular injection salvarsan into rabbits; when neo- 
salvarsan was introduced, seemed advisable compare the local 
action and absorbability this preparation with that the older 
one. The present communication gives the results this study. 


METHODS. 


Approximately per cent. solutions suspensions the drug 
were prepared. With salvarsan three forms were used: (1) alkaline 
solution prepared dissolving the drug water and rendering 
alkaline with normal sodium hydrate; (2) neutral suspension after 
the method devised Wechselmann, first rendering the watery solu- 
tion alkaline with sodium hydrate and then neutralizing with 
acetic acid; (3) suspension the acid salvarsan directly mineral 
oil. The neosalvarsan was dissolved directly sterile, freshly dis- 
tilled water. One cubic centimeter the solution suspension 
was injected into each muscle. 

Full grown rabbits were selected for the experiments. The large 
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erector muscles the lumbar region were used for the injec- 
tion. large bore needle was inserted directly into the muscle 
point one centimeter above the transverse line connecting the crests 
the ilia, and one centimeter from the midline. After the needle 
was well the muscle, was pointed towards the head and ad- 
vanced another centimeter. After the needle was placed, the syringe 
was attached and the solution suspension was injected. Pressure 
was then made over the site insertion the needle during its 
withdrawal prevent leakage back along the needle track. Both 
erector spinze muscles were used each rabbit. the time the 
injections duplicates the various preparations were put aside for 
determination arsenic content. The animals were sacrificed 
weekly intervals, the muscles removed, and the necrotic area and 
surrounding muscle analyzed for their arsenic content. 

The analyses were made according the method described 
Norton and The muscles were finely minced, placed 
Kjeldahl flasks, and twenty-five cubic centimeters concentrated 
sulphuric acid were added. The mixture was slowly heated until 
the muscle was completely dissolved, then the moist incineration 
was allowed proceed higher temperature until the solution 
was clear. This clear solution was transferred beaker flasks, 
neutralized with sodium hydrate, then made alkaline with sodium 
bicarbonate, and titrated with iodin solution, starch being 
used indicator. The arsenic was thus determined terms 
arsenious acid. care prevent drying and subsequent char- 
ring the mixture, this method has been found quite accurate. 


CHANGES THE MUSCLE THE SITE INJECTION. 


Necrosis the muscle occurred uniformly after injection both 
salvarsan and neosalvarsan. The gross appearance the necrotic 
area was practically the same from alkaline, neutral, acid salts 
salvarsan, and specimens removed soon after the injections 
consisted brownish yellowish gray, dry, structureless mass 
surrounded narrow, yellow, soft, granular zone. The muscle 
adjacent this was rather pale. The necrotic areas produced 
the various injections were the same size for six weeks, the 

A., and Koch, E., Jour. Am. Chem. Soc., 1905, xxvii, 1247. 
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end which time they were surrounded firm connective tissue 
capsule from which they could rather easily shelled out. the 
end ten weeks the necrotic areas were about two thirds their 
original size and were dry, leathery, surrounded thin, yellow 
zone, and enclosed dense, fibrous capsule. Microscopic exami- 
nation such mass (figure removed two weeks after injection 
alkaline solution, showed the central portion consist 
swollen, structureless muscle fibres, frail meshwork. Toward 
the periphery were numerous pale staining polymorphonuclear leuco- 
cytes, and passing outward zone intense polymorphonuclear 
infiltration was seen. Many these cells had undergone frag- 
mentation. Scattered through this zone were few necrotic muscle 
fibres. Surrounding the zone cellular infiltration was thin 
zone newly formed connective tissue, beyond which the muscle 
was normal with the exception few fibres which had hyaline 
appearance. necrotic area resulting from the injection oily 
suspension the acid salt showed the same microscopic appearance 
that produced the injection the other salts, except that the 
zone newly formed connective tissue was more extensive. 

After the injection neosalvarsan, the area muscle involved 
was the same size that following the injection salvarsan. 
Specimens removed soon after the injection showed grayish yel- 
low necrotic mass which the muscle fibres could easily made 
out, but the granular, limiting zone seen the areas fol- 
lowing salvarsan injection was not present. the end four 
weeks the mass could easily shelled out fibrous capsule, and 
after six weeks the necrotic material seemed largely absorbed, 
leaving brownish yellow leathery mass surrounded firm, fibrous 
tissue. Microscopic examination these areas removed three 
weeks after injection (figure showed the center consist 
necrotic swollen muscle fibres, surrounded diffuse, newly formed 
connective tissue which were numerous fibroblasts and plasma 
cells. the vicinity the blood vessels were aggregations 
small, round cells and plasma cells, with numerous foreign body 
giant cells. Beyond this zone the muscle fibres were somewhat 
irregular outline but the nuclei were normal and the cross stri- 
ations could readily distinguished. 


Absorption Arsenic. 


The difference microscopic appearance the necrotic areas re- 
sulting from salvarsan and neosalvarsan injections was quite strik- 
ing. Following the salvarsan injection the necrosis and polymor- 
phonuclear infiltration were most prominent, while following neosal- 
varsan injections the inflammation was chronic type, and the 
area was less sharply differentiated from the surrounding tissue. 


RATE ABSORPTION THE ARSENIC FROM THE NECROTIC AREAS. 


The rate absorption arsenic from the necrotic areas repre- 
sented graphically text-figure Two muscles were analyzed 
each week and the rate absorption was found vary somewhat 
with the different animals. The minimum amount remaining 
represented the heavy shading, the maximum amount the light 
shading, and the average the line. There was slow steady ab- 
sorption from all the areas for three weeks after the injection. 


SALVARSAN SALVARSAN 
ALKALINE SOLUTION NEUTRAL SUSPENSION 


SALVARSAN 
ACID SUSPENSION 


NEDSALVARSAN 


The rate absorption arsenic from intramuscular injections 
salvarsan and neosalvarsan. 


After this period the absorption was much slower, that after ten 
weeks from per cent. the arsenic injected could still re- 
covered from the muscles. The rate absorption was most constant 
after the injection neutral suspensions, little more irregular 
after the injection the alkaline solution, and most irregular after 
the injection the acid suspension. This what might ex- 
pected the rate absorption dependent upon the degree 


Homer Swift. 


injury due the reaction the substance injected. Neutral sub- 
stances would inflict less injury than alkaline acid salts. Micro- 
scopic examination seemed show that the acid injections re- 
sulted the formation thicker fibrous capsules, which doubtless 
prevented rapid absorption. 

the end ten weeks the necrotic areas were tested for sal- 
varsan means the reaction. The muscles were ex- 
tracted with hydrochloric acid, the extract was filtered, and the 
Abelin test was applied the filtrate. Only one showed positive 
reaction. This was the muscle into which the alkaline solution had 
been injected and contained per cent. the arsenic injected. 
These results indicate that the arsenic still present the muscle 
this time was some other form than salvarsan. 

The effect concentration salvarsan both alkaline and acid 
solutions upon the rate absorption was also studied. the 
muscles injected with 0.5, and per cent. solutions, between 
and per cent. the arsenic was still present the end 
three weeks, and the muscles injected with and per cent. 
solutions, about per cent. the arsenic remained. The less 
concentrated solutions were thus shown only slightly more 
readily absorbed than the more concentrated ones. 

striking contrast the rate absorption salvarsan was 
that following intramuscular injections neosalvarsan. During 
the first week much arsenic was absorbed after six weeks 
salvarsan. After the first week the small amount arsenic re- 
maining the muscles was slowly absorbed, about per cent. re- 
maining the end six weeks. When the difference the micro- 
scopic picture the necrosis produced salvarsan and neosalvar- 
san recalled, one inclined consider that the intense necrosis 
produced the former has much with the difficulty absorp- 
tion. The solubility neosalvarsan combined with its neutral reac- 
tion probably explains its superiority over the old form for intra- 
muscular injections. 


Abelin, Miinchen. med. 1911, 1002. 
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SUMMARY. 


Intramuscular injection salvarsan and neosalvarsan rabbits 
always produces necrosis the muscles. much more intense re- 
action produced salvarsan than neosalvarsan. 

The rate absorption arsenic following intramuscular injec- 
tions salvarsan very slow, while following intramuscular injec- 
tions neosalvarsan between and per cent. the arsenic 
absorbed during the first week. The subsequent absorption 
quite slow. 


EXPLANATION PLATE 
Fic. Section through the border the necrotic area following the intra- 
muscular injection salvarsan. 


Fic. Section through the border the necrotic area following the intra- 
muscular injection neosalvarsan. 


ie 
2 
| 
ee 
4 
_« 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. XVII. PLATE 


FIG. 
(Swirt: Absorption of Arsenic. 


| 


CULTIVATION TREPONEMA CALLIGYRUM (NEW 
SPECIES) FROM CONDYLOMATA 


HIDEYO NOGUCHI, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATES AND 


While engaged the cultivation various species 
found the oral cavity about the lesions the external genitals 
and the anus human beings, encountered two occasions 
which morphologically occupies intermediary position 
between Treponema pallidum and Spirocheta refringens. The ma- 
terial was taken one instance from condyloma latum which 
both the pallidum and this organism were present. another in- 
stance, was found condyloma situated around the anus 
boy, nine years age, whom the existence syphilis was finally 
ruled out clinical and serological this case, 
the condylomatous tissue was excised and inoculated into the tes- 
ticles three rabbits the usual method, but lesion resulted 
during period four months. emulsion the tissue exam- 
ined under the dark-field microscope showed some contaminating 
bacteria, but other spiral organisms save the one under considera- 
tion. the sections stained the Levaditi silver method, the 
were found the surface, but not within the tissue. 
pallidum was detected. The question could hardly 
mistaken for Treponema pallidum appeared decidedly 
thicker than the latter, although some specimens had quite deep and 
regular curves. The extremities were obtuse sharply tapered, 
and some possessed delicate, finely curved projections one both 
ends. The movements were chiefly those rotation around the 
axis, but there was also change the form the curves. Neither 
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vibratory nor lateral movement such common with Treponema 
macrodentium occurred. The measured about 0.35 
micron width, and ranged from few microns twenty 
microns length. The number curves was determined the 
length the organism, and typical specimens the distance be- 
tween the curves was usually about 1.6 microns. The curves were 
not closely set the pallidum. Compared with Spirocheta 
refringens was somewhat thinner, more regular, and possessed 
more numerous curves and showed less motility. Stained with 
Giemsa’s solution, was red with faint violet tint. 

the condylomatous tissue were used 
both cases. The method employed consisted inoculating 
series tubes containing mixture ascitic fluid (one part) and 
slightly alkaline agar (two parts) containing piece fresh sterile 
tissue the bottom each tube. The introduction the emul- 
sion was made with the aid capillary pipette connected with 
syringe. After inoculation the tubes were covered with layer 
sterile paraffin oil and placed thermostat 37° the end 
ten days, hazy zone radiating from the central stab canal, 
which was now densely filled with the growth bacteria, appeared 
along the canal three centimeters the surface. 

two weeks’ growth some the best tubes 
were selected and the organisms the hazy zone were examined 
under the dark-field microscope. The colonies from the first case 
(syphilitic) revealed the presence two distinct varieties spiro- 
namely, thin, regularly and deeply curved organism, and 
thick but also regularly curved one. The thin type was undoubt- 
edly the pallidum and the thick one the question. The 
colonies developing the tubes inoculated with the material from 
the second case (non-syphilitic) showed the presence only one 
type which was all respects identical with the form 
found the original material. 

was able separate these organisms from the bacteria.2 While 
colonies the syphilitic material contained both the pallidum and 
the second organism the first generation, the pallidum type finally 
disappeared subsequent subculture, thus leaving the thicker type 


Noguchi, H., Jour. Exper. Med., 1912, xv, 90. 
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pure condition. The purified culture the second non-syphi- 
litic material yielded solely colonies this organism. 

Properties Pure transplanted into the ascitic 
agar tissue medium, develops far three four days 
show hazy, somewhat opalescent colonies about the tissue. During 
the following several days the colonies gradually spread towards the 
upper part the medium, thus rendering the latter unevenly filled 
with hazy opalescent colonies. end four weeks the growth 
usually reaches the greatest height that ever attains,—about two 
centimeters from the surface. The colonies are diffuse and usually 
somewhat more dense than those Treponema pallidum. The 
organism grows well fluid medium containing ascitic fluid when 
cultivated the special method described for Treponema 
The growth this does not bring about any visible 
change the medium and there perceptible odor produced. 
Like Spirocheta refringens capable growing ascitic agar 
without the addition fresh sterile tissue, although the growth 
far better the presence the tissue. The organism strict 
anaerobe. There growth room temperature. 

Morphology.—(Figures 12, 13, and 14.) solid cul- 
tures three four days old the majority the organisms are short 
and vigorously motile, while cultures which have been growing 
for about two weeks they are longer and less active. fluid 
medium long specimens well short ones are present from the 
beginning. The length well the width the organisms 
more variable the fluid cultures. 

The spirochzeta pure culture measures about 0.35 0.4 
microns long microns, according the age and nature 
cultures, may occur. old fluid cultures, individuals measuring 
appear. The curves are very regular and quite deep. The distance 
between the curves about microns and the depth curve 
about 1.5 microns. The apex curves not angular, but 


Jour. Exper. Med., 1912, xvi, 211. 
*The wave length Treponema pallidum measures about 1.2 microns and 
that Treponema microdentium about micron. 
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more less rounded. the short specimens the curves are less 
constant and often obliterated through movements the body. 
While the curves less motile specimens remain unmodified dur- 
ing movement, those vigorously active specimens change their 
form undulatory manner. small number individuals 
have shallower curves become almost straight, especially near the 
middle portion the body; but regard these the irregularities 
due the abnormal effect artificial cultivation. The body has 
uniform width until toward the terminal portion which ends 
point. this respect resembles Spirocheta refringens 
pure culture, and not Treponema macrodentium, whose body grad- 
ually thins out towards the ends (figure 8). 

The shows often delicate, regularly curved, rather 
stiff projection attached one both ends. The length this 
appendage varies different specimens, but usually measures about 
six microns. The presence absence this projection seems 
depend greatly upon cultural conditions and the age the cul- 
tures. has appeared oftenest fluid cultures about two weeks old. 

The varieties movements are chiefly rotatory, sometimes un- 
dulating, and seldom lashing. have never observed lateral vibra- 
tion such commonly seen active specimens 
pure cultures. 

The organism stains reddish violet Giemsa’s solution, faintly 
red carbol fuchsin, but not Gram’s method. 

division has been observed, but trans- 
verse division may also occur. 

Pathogenicity.—Repeated attempts produce lesions with pure 
cultures this organism the skin monkeys (Macacus rhesus, 
Cercopithecus callitrichus, Papio babuan), and the testicle 
cornea rabbits resulted negatively. 

Differentiation from Allied difficulty 
differentiating this organism from Treponema and 

Noguchi, Jour. Exper. Med., 1912, xv, 81. 

idem, 1912, xvi, 


Noguchi, idem, 1912, xvi, 620. 
idem, 1912, xv, 81. 
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Treponema both the latter are much smaller and pro- 
duce unpleasant odor culture (figures 10, 11, and 18.) 
entiation from Treponema culture offers difficulty 
when one dealing with the average and thinner types the pal- 
because this organism altogether too thick confused 
with the average specimens pallidum. the other hand, cer- 
tain precaution required when one dealing with strain pal- 
lidum belonging the thicker this instance, especially 
when one lacks means comparing both species pure culture under 
exact and parallel cultural conditions, the two are apt con- 
fused, for not impossible that, providing one species with 
one condition and the other with another, the morphological features 
will approach each other nearly that considerable resemblance 
may result. cultivation work this difficulty did not arise, be- 
cause most strains the cultivated pallidum belonged the 
average Besides, cases when the heavier pallidum strains 
were obtained from the testicular lesions rabbits, there was 
possibility obtaining the above species, and when dubious strain 
was isolated directly from human chancres condylomata, only 
that which produced characteristic lesions animals (monkeys) 
was designated the 

Since obtaining two strains this organism pure cultures 
have compared with the thicker type the pallidum under parallel 
cultural conditions. The study showed that under the same con- 
ditions even the thick type pallidum still decidedly thinner than 
the specimens here described. Under unfavorable conditions, espe- 
cially fluid medium, the width the pallidum (thick type) may 
reach some specimens that the thinnest the 
question, but the majority pallida have width about 0.3 
micron, while the latter 0.4 0.45 the average. suitable 
solid medium, the thick pallidum never exceeds 0.3 micron, 
while the other specimens measure usually 0.35 0.4 micron, 
with few exceptions. Moreover, the curves the pallidum are 

Jour. Exper. Med., 1912, xvi, 

Noguchi, idem, 1912, xv, 201. 

Noguchi, idem, 1912, xv, 201. 
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more closely set and more rigid than those the present organism. 
Another point difference between the two species that ascitic 
agar the pallidum never grows without fresh sterile tissue, while 
the other can grow without 

The next species entering into consideration are Spirochete 
and refringens and Treponema macrodentium. Spirocheta 
balanitidis described having width 0.5 7.5 microns 
and length microns. curves are rather regular and 
quite deep. the balanitidis described having band- 
like body, undulating membrane, and periblastic projection. 
The present species decidedly thinner, has cylindrical body, and 
undulating membrane. much coarser 
and has wavy, irregular curves, although pure cultures the curves 
may quite regular some specimens (figure 9). The ap- 
pearance the growth and the cultural conditions required are 
similar for the refringens and the present species. 
resembles the present organism length, but dif- 
fers from because slightly less width, tapering body, irregular 
curves, creeping and lateral vibratory movements (figure 8). 
When viewed under the dark-field microscope there difficulty 
distinguishing them. Further, the macrodentium pure culture 
never grows without the tissue. 

the foregoing pages have distinguished this 
organism from microdentium, mucosum, 
and macrodentium, and from Spirocheta refringens means 
morphological and biological properties present pure cultures. 

Whether not strain pallidum which has suffered marked morpho- 
logical and biological deviation from the original culture, such appears 
the case with the strain sent Paris, will grow medium without tissue, 
cannot say. This strain possession still remains unmodified since its isola- 
tion from condyloma latum little over year ago. The preservation mor- 
phological and biological characteristics hands undoubtedly due the 
more strictly parasitic condition provided culture medium, while the devia- 
tion the same strain from the original type the hands Levaditi and 
Danulesco (Compt. rend. Soc. biol., 1912, 256) can easily explained 
the modification cultural methods and media adopted these authors. 

Hoffmann, E., and von Prowazek, S., Centralbl. Bakteriol., Abt., 
1906, 741. 

Noguchi, Jour. Exper. Med., 1912, xv, 466. 

idem, 1912, xv, 81. 
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was further differentiated from balanitidis from the de- 
scription and photographs given Hoffmann and von Prowazek. 
The question now arises whether not the present species corre- 
sponds with some other organisms described previous investi- 
gators. 

Mulzer 1905 described small resembling the 
pallidum occurring cases ulcerating carcinoma the uterus 
breast and proposed the name Spirocheta This 
organism may have been identical with the variety found cases 
organism called Spirocheta microgyrata, while that Hoffmann 
called Spirocheta gangrene carcinomatose. ‘The lack the 
descriptions regarding their behavior the living state and 
other biological properties renders impossible identify the 
present organism with any these. 1907 proposed 
the name Spirocheta gracilis for small organism found 
ulcerating neoplasm the jaw which communicated with the buccal 
cavity. The description the morphology and the figures the 
organism make probable that the organism described him 
belongs the dentium varieties and especially allied Treponema 
macrodentium. all events, gracilis cannot identi- 
fied with the present organism. 1909 Levaditi and 
obtained mixed cultures from syphilitic well 
non-syphilitic lesions and pus occurring the human genitalia. 

P., Berl. klin. 1905, xlii, 1144. 

Hoffmann, E., Berl. klin. 1905, 880; Deutsch. med. 
1906, xxxii, 967; Atlas der und experimentellen Syphilisforschung, 
Berlin, 

W., Centralbl. Bakteriol., tte Abt., Orig., 1906, xlii, 43. 

W., Berl. klin. 1906, 283. 

Kiolemenoglou, B., and von Cube, F., Miinchen. med. 1905, 

Scholtz, W., Deutsch. med. 1905, xxxi, 1487; 1910, xxxvi, 215. 

*Loewy, K., Arch. Dermat. Syph., 1906, 1xxxi, 107. 

Miinchen. med. Wchnschr., 1907, liv, 188; Deutsch. med. 
1907, xxxiii, 876. 

D., Centralbl. Bakteriol., Abt., Orig., 1907, xliv, 332, 408, 
515, 648. 

Levaditi, C., and Stanesco, V., Compt. rend. Soc. biol., 1900, 188. 


This organism was described having width 0.33 0.5 
micron, length 3.5 15.5 microns, presenting fairly regular 
curves, and being more actively motile than the pallidum and stain- 
ing bluish red with Giemsa’s solution. regards pathogenicity 
conclusion could drawn, they used mixed cultures produce 
acute inflammation the prepuce chimpanzee, and did not 
rule out the part played contaminating bacteria the process. 
They ascribe the inflammatory process their spirocheta, which 
they call Spirocheta gracilis. They did not identify their organism 
with Veszprémi’s, previously named, make any reference 
his previous work. Thus Levaditi and Stanesco applied this 
name their organism without knowing that was already used 
Veszprémi, and their organism was not identical with that 
described this author, they must seek new appellation. the 
other hand, they had identified their organism with that 
Veszprémi, the species are describing clearly different from 
theirs. Judging from the description and also the source from 
which Levaditi and Stanesco obtained their mixed cultures, am, 
however, inclined think that their organism was probably identical 
with that described the present Even their 
organism were the same mine, would impossible accept 
the name Spirocheta gracilis for this species as, doing so, 
would erroneously identified with that Veszprémi. this 
account, and since have obtained the new species pure culture 
and studied its properties systematically, feel justified proposing 
its name Treponema 


CONCLUSIONS. 


the surface genital anal lesions, either syphilitic 
non-syphilitic, there may found occasionally resem- 


Hoffmann, his latest publication (Finger, Handbuch der Geschlechts- 
krankheiten, Vienna, 1912, 828), remarks that while Spirocheta balanitidis and 
Spirocheta refringens are much coarser organisms than Treponema pallidum, 
yet there may found some specimens which are quite thin and may cause diffi- 
culty being distinguished from the pallidum. does not state, however, 
whether the thin forms are considered independent variety only 
atypical forms the refringens balanitidis. 

take pleasure acknowledging indebtedness Professor Gonzalez 
Lodge Columbia University for selecting suitable adjective. 
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bling Treponema pallidum, but somewhat thicker than the latter. 
general characteristics, this organism occupies intermediary 
position between Treponema pallidum and Spirocheta refringens. 

The treponema was obtained pure culture from two cases. 
For the organism the name Treponema calligyrum proposed. 

Treponema calligyrum non-pathogenic for monkeys and 
rabbits. 

Treponema calligyrum can distinguished from Treponema 
pallidum, Treponema Treponema macrodentium, 
Treponema mucosum, and Spirocheta either the 
morphology, cultural and biological properties, all these condi- 
tions combination. 

Under certain cultural conditions Treponema calligyrum be- 
comes thinner and may cause some difficulty differentiation froma 
strain the thick type Treponema especially when the 
latter grown under conditions which tend render thicker. 
There such difficulty when the average and thin types 
Treponema pallidum are concerned. the other hand, pro- 
viding the calligyrum with conditions which lead the appearance 
thicker specimens and supplying Spirocheta refringens with 
conditions growth that favor the development individuals that 
are thinner and more regularly curved, the refringens may made 
resemble the calligyrum general appearance but under identical 
cultural conditions they can readily distinguished. 


EXPLANATION PLATES. 


PLATE 
and Treponema calligyrum pure culture, ten days old, solid 
medium. Giemsa stain. 
Fics. and Treponema pallidum pure culture, four weeks old, fluid 
medium, Giemsa stain. 
Fic. Treponema pallidum from orchitis the rabbit. 
1,100. 


PLATE 


Fics. Schematic reproduction dark-field views various species 
Treponema pure culture. Fic. Treponema calligyrum; Fic. Trepo- 
nema pallidum; Fic. Treponema Fic. Spirocheta 
Fic. 10. Treponema microdentium; Fig. 11. Treponema mucosum. 


Fics. Treponema calligyrum pure culture, ten days old, solid 
medium. Dark-field view. 

Treponema pallidum pure culture, four weeks old, showing 
morphological variations among different strains. Dark-field view. 

Fic. 18. Treponema microdentium pure culture, ten days old, solid 
medium. Dark-field view. 
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THE CLASSIFICATION THE STREPTOTHRICES, 
PARTICULARLY THEIR RELATION 
BACTERIA.* 


(From the Hearst Laboratory Pathology and Bacteriology, 
University California, Berkeley.) 


The large group fission fungi, Schizomycetes, has been for 
the last half century the center extensive study its general 
relation disease. the other hand, the moulds filamentous 
fungi, the Hyphomycetes, have received less attention and are, 
general, less well known their structure, relations, pathogenic 
power, and occurrence. 

Among the conditions making study this group difficult are 
the diverse opinions and practices nomenclature both species 
and genera. This causes great confusion the classification the 
infecting organisms, and, added lack uniform standard 
characters, leaves the group somewhat chaotic state. Several 
generic names have been and still are used different authors,— 
Actinomyces, Discomyces, Nocardia, Streptothrix, 
though botanically the matter not yet settled and further know- 
ledge may make change necessary, seems best follow those 
who adopt the name Streptothrix for the genus and Streptothri- 
cosis for the disease produced. full discussion the facts and 
authorities supporting this view are found the works 
Foulerton (1). and Musgrave, Clegg, and Polk (2). The latter 
authors give the following generic characters for Streptothrices: 
“Branching filamentous organisms, which develop into colonies 
made organisms and their transformation products. Ter- 
minal may may not radial and may may not 
have clubs. The group general gram positive and many are 
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article Foulerton (3) describes the type form 
this genus thus: tangled mass branched mycelium, found 
pus and other discharges. mycelial stage followed seg- 
mentation and fragmentation, producing bacillary forms, and, 
artificial media, chain sporulation; process similar this 
also probable isolated rod segments. Old cultures show bacilli, 
long, short, spiral, wavy, diphtheroid, and paired isolated spores. 
All are strongly gram positive and look like bacilli and cocci. They 
may acid-fast not. Rod segments produce mycelium cul- 
tures and tissues. They may produce rod segments direct ani- 
mals, but this has not been demonstrated.” 

Difficulties are likewise met the identification species. There 
have been well established criteria for them. The limits 
species variation are neither set nor well known. descriptions 
many species the literature are incomplete and often not com- 
parable, since sometimes morphological, sometimes biological quali- 
ties, again each part, have been used the basis species 
determination. Recent studies Musgrave, Clegg, and Polk (2), 
and Foulerton (4) show some pathogenic species well defined, 
Streptothrix eppingeri, Streptothrix madure, bovis, 
capre, Streptothrix Streptothrix hominis. 
There are also number supposedly saprophytic, non-pathogenic 
forms, isolated from both air and water and other sources. How- 
ever, the limitation and variation the pathogenic 
power these organisms are not well known and animal experimen- 
tation with them admitted give inconstant results. Patho- 
genicity, however, not reliable specific character, infection being 
process always dependent the resistance the host the 
virulence the organism. 

The cause this confusion and for these diverse opinions and 
practices lies the extreme morphological and biological variability 
these fungi. Some strains grow freely all media, some only 
special kinds, some apparently cannot cultivated. This 
especially true isolations from cases infection, many failures 
being reported these attempts; yet when once established 
laboratory media, these same reluctant strains may grow freely. 
This makes classification from biological characters very difficult. 
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Much variation found the morphology any given 
organism. changes its appearance with differing culture media. 
The liquid and solid state, dryness and moisture, influence its 
growth. The age the individual culture and the time since isola- 
tion from the body must also taken into account. The well 
known granules branched mycelial mass, fragmen- 
tations into apparent bacilli and cocci, true spores well the 
minute structures left after chain sporulation, may all found 
the life history one species. While all the mycelial products are 
gram positive, the old degenerated threads may fail stain and only 
the granules within show the typical blue black color. The exact 
conditions giving rise the acid-fastness belonging some 
these species both test-tube and body are also unknown, and 
may regarded the development more resistant form 
acquired only certain products the mycelium some species, 
and almost, not quite all other species. 

The extensive literature this subject contains immense 
number case reports and accurate descriptions the pathological 
findings the body, also many purely biological studies the 
organisms and their properties, some species determinations, and 
more less complete classifications. clear history the subject, 
since Bollinger’s discovery the fungus 1877, given several 
writers, (5), Hektoen (6), Hodenpyl (7), von Baracz (8), 
Musser (9), Foulerton (10), Musgrave, Clegg, and Polk (2), and 
others. The last named authorities have bibliography over fif- 
teen hundred articles; several other authors also give long lists 
references. 

Among the many clinical and pathological problems that come 
before the reader this literature the biological one the 
possible extension the genus include the called acid-fast 
group that contains the organisms leprosy (presumably), tuber- 
culosis, and other well known forms. Sanfelice (11, 12) main- 
tained their structural similarities and divided the genus into three 
groups, one non-acid-fast, second partly acid-fast, and third 
absolutely acid-fast. Recently Much (13) and Wills (14) have 
been working with the acid-fast group and serum reactions have 
shown the close relationship its members. Foulerton (3, 
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warm advocate the generic identity the organisms tubercu- 
losis and leprosy with the streptothrices, and his extensive and val- 
uable contributions the subject entitle his views careful con- 
sideration. 

few workers have applied the recent serological tests this 
group with varied results. and his collaborators (15) carried 
out the diagnostic tests agglutination and fixation with sera from 
actinomycotic and sporothricotic cases with success. The spores 
Sporothrix beurmani were used for the agglutination experi- 
ments, and 163 presumably non-fungoid cases well cases 
which were known caused fungoid infection were examined 
critically for serum reactions. The results were quite definite 
showing relations between the fungoid infections. 

Choukévitch (16) used the agglutination test with rabbits im- 
munized during several months show the races 
also produced precipitins, and found specific group reactions 
all cases. and Grondahl (17), the other hand, report 
entirely negative results, but their methods were all probability 
defective. 

The present work grew out the study series clinical 
cases lung infection that came under observation. The con- 
fused condition the group made difficult obtain good basis 
for work, and appeared possible that some serological experiments 
might help clear matters. 

examined critically number different species streptothrices, 
both morphologically and culturally. The strains used were ob- 
tained from the Pasteur Institute, Paris, the American Museum 
Natural History, New York, and Dr. Foulerton, London. One 
strain isolated from case lung infection now under observa- 
tion. The following are the organisms represented: Streptothrix 
Streptothrix nocardii, capre, Streptothrix 
gabritschewsky (Pasteur Streptothrix bovis, Strepto- 
thrix madure, Streptothrix pulmonalis, Streptothrix asteroides 
(American Museum Natural History); No. 585, No. 1276 
and No. (E. C.). The last three strains probably 
represent types Streptothrix hominis III and (Foulerton), but 
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vary somewhat. these were added Bacillus lepre, the chromo- 
genic form Clegg and Duval (18), and the human strain 
Bacillus tuberculosis. 

All workers have encountered difficulty isolating one these 
organisms from body discharge, especially from sputum, where 
the secondary invaders almost invariably crowd out the slowly 
growing streptothrix. This difficulty isolation marked that 
relatively few the clinical cases have cultural studies been 
made. 

After many failures, succeeded isolating pure strain from 
case (No. the following way: About two dozen the 
small granules were picked out the sputum with needle and 
washed thoroughly sterile tube with sterile water, replacing the 
liquid several times. They were then injected subcutaneously into 
guinea pig. The injection was repeated, necessary, until small 
abscess resulted, which, after eight nine days, was carefully 
opened and the pus planted upon tubes Bordet’s potato blood 
agar. pure culture the streptothrix was readily isolated, 
the secondary organisms were found have been killed, leaving the 
slowly growing one. While first slow grow and sporing very 
early (two three days), the strain gradually acquired sapro- 
phytic power and now grows freely all ordinary media. 

The various organisms mentioned were cultivated Bordet’s 
potato blood agar medium, Dorset’s egg medium, and plain 
and glycerin agar. Preparations from both old and young cultures 
were stained the gram stain and for acid-fastness carbol 
fuchsin, decolorizing with per cent. nitric acid (table 1). When 
properly arranged they make most instructive series. one end 
there freely branched, mycelial, non-acid-fast organism, and 
the other, one which bacillary and acid-fast. The extreme 
mycelial type represented No. 585 (Foulerton). Its appear- 
ance characteristic these species. forms thick, leathery, 
mould-like growth. discrete, the individual colonies are discoid; 
they are confluent, the growth film-like. frequently quite 
closely adherent the medium. the culture old the medium 
dry, white, powdery appearance shows the presence true spores. 
Stained films show the typical branched mycelium, gram positive, 
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more less fragmented, with many fewer spores short 
lateral with many fewer threads showing chain sporula- 
tion, and with some old ones taking the pink counterstain with 
long series minute, deeply gram positive granules within them, 
which are the results chain sporulation (figures and 2). 
Lessened amounts the free branching mycelium, consequently 
less true sporulation, and concomitant increase segmentation 
with bacillary and coccoid forms are the chief differences seen 
the series (figures 7), until with Streptothrix gabrits- 
chewsky, Streptothrix eppingeri, Streptothrix and Strepto- 
thrix capre, the bacillary and coccoid forms predominate great 
extent (figures 7). For comparison the series ends with the 
organisms leprosy (Duval’s free grower (18)) and Bacillus 
tuberculosis, which show almost exclusively bacillary form and 
mycelium, but have under certain conditions both branching and 
thread-like structures, and always chain sporulation evidenced 
the called beaded bacilli. They are both gram positive and 
usually acid-fast (table I). 

Pigment formation two sorts occurs the cultures. One 
brownish, often most marked the lower surface the growth, 
and soluble, its diffusing through the agar and 
coloring various shades brown and black. The other yellow, 
pinkish, bright orange, and not diffusible, the agar never 
becoming colored. The soluble pigment appears belong the 
non-acid-fast organisms, the indiffusible the acid-fast members. 
Any one either type may, however, fail show pigment. 

The growth the mycelial and bacillary types differs, moreover, 
general appearance. the former tough, more less 
adherent, and isolated colonies like small blisters the agar; 
the growth the bacillary type usually dry, mealy, and crum- 
bling, and heaps the surface. Separate colonies are like fine 
grains sand. 

All these organisms are gram positive cultures young and 
active, the fragmentations, spores, and young sprouting mycelium 
being especially intensely colored. When losing its vegetative state, 
the mycelium begins color poorly and ultimately only the trans- 
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formation products stain, and the faint mycelial outline indicated 
only the counterstain. 

Acid-fastness character strikingly variable occurrence. 
Six the species studied, showed more less this quality: 
Streptothrix asteroides, Streptothrix nocardii, Streptothrix capre, 
Streptothrix eppingeri, and, course, Bacillus lepre and Bacillus 
tuberculosis. ‘The conditions leading the development this 
property are present obscure. Why, group series seg- 
ments mycelial thread, one more individuals should become 
acid-fast while its neighbor each side remains non-acid-fast 
unknown (figures small percentage individual organ- 
isms Streptothrix nocardii, more Streptothrix capre, and still 
more Streptothrix eppingeri are always acid-fast. the first 
two species after some weeks months growth, the last one 
after three four days, many acid-fast organisms are produced. 
Bacillus lepre and Bacillus tuberculosis are the most constant and 
absolute their acid-fastness, but both show variation form and 
tinctorial properties under certain conditions (Foulerton (3), Wil- 
liams (19), Galli-Valerio (20)). doubt acid-fastness repre- 
sents more resistant state, and fluctuates marked degree, 
being really more functional than structural character. 

With all these differences there are few points which all the 
members this series are alike. When grown bouillon, the 
medium always remains clear. The growth solid media dis- 
crete, not smeary and flowing the case with many the bac- 
teria. They are all gram positive, all have granule formation, 
either mycelium its products, shown chain sporulation, 
and, finally, branching organisms and thread-like forms are seen 
more less frequently all species. The literature gives reference 
branching tubercle bacilli and actinomyces-like growth the 
respective organisms the tissues leprosy, glanders, diphtheria, 
and tuberculosis (Galli-Valerio (20)). This perplexing pleomor- 
phism readily explicable consider these organisms 
bacillary specializations from streptothrical type, and closely re- 
lated this group rather than the true bacilli. 

the serological tests which can applied any organism, 
alexin fixation once the most accurate and the most specific. 
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indicates the change undergone the body cells response the 
introduction into the system bacterial other protein antigenic 
substance. There difference opinion the possibility its 
use for quantitative determinations immune bodies serum, 
least far varying amounts any given individual may 
indicated. .The intensity fixation gives evidence the 
amount antibodies present under these circumstances. However, 
seems possible that the results obtained the present work indi- 
cate that alexin fixation can used group reaction, all the 
experimental conditions are closely parallel and accurately con- 
trolled. Hence generic well specific relationships between 
organisms can shown, and applying the test organisms 
debatable unknown position their true status may indicated. 
This somewhat different problem, since the serum is, were, 
fixed quantity and the antigen the variant. The increments 
change are larger and more readily recognizable. 

order carry out such test with the series organisms 
already described, three differentiated and characteristic species 
were chosen. These were: 585, which was mycelial 
and Streptothrix eppingeri, which was very slightly 
mycelial and partly acid-fast; and Bacillus tuberculosis, which was 
non-mycelial and completely acid-fast. Rabbit sera, obtained after 
immunization with these three organisms, were used fixation 
experiments with antigens made from each the thirteen strains. 
Preparations these particular organisms normal salt suspen- 
sions and antiformin preparations proved useless fixation antigens, 
but the Besredka method endotoxin extraction modified 
yielded highly satisfactory results. The antigens were made 
follows: 

The cultures were planted large, flat sided Blake bottles agar 
glycerin agar and incubated 36° until the maximum growth ap- 
peared. This varied with the species from five sixteen days. The lower 
temperature was more favorable than the higher. 

The growth was washed off with small amount sterile salt solution. 


some cases this proved quite difficult owing the close adherence the 
growth the medium. 


The saline suspensions were precipitated with equal parts absolute 
alcohol and centrifugalized. 


*Gay, P., personal communication. 
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few cubic centimeters absolute alcohol were added the residue 
wash the sediment into sterile evaporating dish. was then dried partial 
vacuum over sulphuric acid for from twelve twenty-four hours. 

The dry residue was scraped off, collected sterile dish, and carefully 
weighed. The necessary amounts sodium chloride and water were calculated 
make into per cent. solution 0.85 per cent. normal salt. The dry salt 
was added the residue and the resulting mixture ground together sterile 
mortar for one hour; then the water was added. Finally, 0.5 per cent. carbolic 
acid was added the preparation and was sealed tube. 

When used these preparations were shaken and dilutions made the 
resulting liquid. They were used full strength for immunizing the animals, 

preparation tuberculosis was made exactly the same way from 
the dry residue bouillon filtrate obtained from the Cutter Laboratory. This 
gave series antigens analogous every way and known strength, that 


for any dilution used the exact amount the original culture might calcu- 
lated milligrams. 


The usual method injecting animals weekly intervals proved 
they developed severe cachexia, shown loss 
hair and weight, great hypersensitiveness, and skin lesions pur- 
puric character. Their condition finally became bad that they 
had bled. They yielded serum little potency. 

The following method was used: One half cubic centimeter 
the desired antigen was injected into the marginal ear vein 
normal adult rabbit four times three day intervals. 
nine days after the last injection, the animals were bled death 
and the resulting serum was inactivated 56° for thirty minutes. 
The whole process consumed twenty twenty-one days. This time 
can probably still further shortened Gay and Fitzgerald (21) 
have recently shown. 

The adoption these methods for the preparation the antigens 
and sera has two distinct advantages; first, potent experimental 
serum, and second, absolutely standardized antigens. Failure 
obtain satisfactory results from fixation experiments after artificial 
immunization with these organisms doubtless due neglect 
one both these essentials. 


TECHNIQUE FIXATION EXPERIMENTS. 


constant amount immune serum was used all the fixation experiments 
(0.3 with varying dilutions the antigens. The per cent. solutions the 
latter were diluted with salt solution (0.85 per cent.) 1/10, 1/20, 1/40, 
1/160, and 1/320 the original strength, and c.c. these dilutions was used 
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for each tube the experiments. The actual amounts dry antigenic sub- 
stance represented thus used are follows: 


mg. 
1/20 mg. 
1/40 dilution=0.5 mg. 
mg. 
1/160 dilution mg. 


Exceptions this rule were made with the antigens madure and 
lepre, both which contained much inhibitory substance that hemolysis 
did not take place even the four lower dilutions the controls with normal 
serum. the higher dilutions hemolysis appeared, and when used per cent. 
instead per cent. solutions, the results were distinctive, indicated the 
tables. 
Further details the experiments are follows: 
Antigenic sodium chloride (0.85 per cent.) dilutions from 
1/10 1/320 the per cent. preparations the different organisms. 
Antiserum.—o.3 c.c. (56° C.). 
c.c. guinea pig serum separated from the clot eighteen 
twenty-four hours after bleeding; dilution salt solution, incubated 
with antigen and antibody 37° for one hour. 
Hemolytic c.c. per cent. suspension washed sheep blood 
containing four minimal hemolytic doses strong rabbit-anti-sheep serum. 
Positive Fixation—Complete absence hemolysis after two hours 37° 
followed sedimentation over night the ice box. 
and 1/20 dilutions each antigen plus 0.3 c.c. inactivated 
normal rabbit serum. Antiserum with salt replaced the antigen. These should 
hemolyze completely. 
the experiments carried out with six dilutions, 1/10 1/320, three controls 
were used, 1/20, 1/80, and 1/320. 


The results the experiments are graphically represented 
text-figure which charted from table II. seen that the 
immune serum Streptothrix 585 gives decreasing fixation with 
the various antigens the bacillary and acid-fast organisms are 
approached, fixation ceasing occur with the antigen Bacillus 
tuberculosis. immune serum Bacillus tuberculosis, the 
other hand, fixes with all the different antigens the series except- 
ing that Streptothrix 585. serum Streptothrix eppingeri, 
the intermediate type, fixes both less widely and less intensely, with 
three non-acid-fast and six acid-fast species. shows distinct 
though feeble fixation with the antigen Bacillus tuberculosis, but 
none with the first four mycelial strains. 
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second serum, No. 10, immune Bacillus tuberculosis, was 
used experiments with the acid-fast organisms only. The anti- 
gens were diluted from these tests. They confirmed 
the findings with the other similar immune serum. 


Serum 


Serum 


Text-Fic. Diagram fixation experiments. 


These results seem show definitely that quantitative differ- 
entiation between antigenic substances can made fixation tests. 
this series there are apparently two antigenic substances; one 
dominant the mycelial end. this substance gradually re- 
duced, another substituted and becomes turn characteristic 
the opposite end. the intermediate members, presumably both 
substances are present, but neither one sufficient amount 
cause intense fixation. There is, the whole, stronger fixation 
with the acid-fast members than with the mycelial. 

Much (13), Much and Hoessli (22), Deilmann (23), and others, 
their work the specific substances Bacillus tuberculosis and 
other acid-fast organisms, believe that they are three kinds, caus- 
ing three corresponding antibodies arise the serum immu- 
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TABLE II. 


Details Fixation Experiment. 


. Serum 8 against Serum 7,against Serum 9 against Serum ro again 
1/40 
1/20 
1/40 
1/20 
1/10 
1/40 
1/20 
1/40 
1/20 
1/10 
1/40 
1/20 
1/10 
madure 
1/40 
1/20 
gabrit- 
1/40 
1/20 
1/10 
1/160 
nocardit ..... 1/320 
1/160 


fixation (complete hemolysis) partial fixation; complete 
fixation (no hemolysis). 
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TABLE 


Details Fixation Experiment. 


1/160 
1/320 
1/160 
lepre 
per cent. ... 1/320 
1/160 


nized animals: protein, fatty acids, and neutral fat (tuberculo- 
nastin). The last named yields the most intense fixation the 
three. However, has recently been shown Fitzgerald and 
Leathes (24) that pure lipoidal substances are incapable produc- 
ing antibodies. possible that nastin impure substance and 
contains the proteid that characteristic the acid-fast organisms 
and produces fixation with their sera, the mycelial proteid, 
may call it, being reduced comparatively small and inconspicu- 
ous amount. 

However this may be, the essential fact the possibility using 
the fixation test indicate the biological relations these organ- 
isms. There seems reason why cannot equally well 
applied other uncertain unknown relation- 
ship, and thus make clear their position. are here dealing with 
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direct means demonstrating some the deep and fundamental 
protoplasmic modifications which make themselves apparent the 
changes that recognize ultimately specific and generic 
characters. 


DISCUSSION AND CONCLUSIONS. 


impossible from any point view, morphological, biological 
serological, draw sharp dividing line this series. The 
forms change gradually from the mycelial organism the bacil- 
lary, acid-fast organism. biologically group complex and 
should considered. doubt experiments with larger series 
species would yield results giving possibility closer classifi- 
cation and the introduction some the forms now debatable 
position, Bacillus diphtherie and Bacillus mallei, and other organ- 
isms, sometimes called, their morphological irregulari- 
ties, corynebacterium and mycobacterium, would helpto show their 
real relation both the Streptothrices and the true bacteria. The 
latter many ways are acknowledged far from primitive their 
endospores, flagella, and food habits all indicate relatively high 
degree specialization. Hence would seem biologically more 
reasonable look upon this group Streptothrices with their 
variable morphology and close relationships representing the an- 
cestral type that gave rise both the higher fungi and true bacteria, 
and not being themselves higher bacteria. The various bacteria, 
other than the acid-fast forms, can readily have arisen from the 
non-acid-fast bacillary types even non-acid-fast specializations 
the mixed types. All the various forms shown present the 
bacteria,—cocci, spirilla, bacilli, separate chains 
and masses, are recognized this group, and specializations 
one another line the past would readily have given rise the 
types consider true bacteria. The processes evolution have 
carried them far away from the parent stock and made them into 
this group. The recognition this group complex and the 
intermediate forms indicates clearly the past history and present 
relations these interesting organisms. These relations may 
represented the following scheme. 


a gh 
| 
ig 


Edith Claypole. 115 


Streptothrices 


Mycelial Bacillary Acid-fast 


Higher sporing fungi 


Acid-fast bacteria 


True bacteria 


probable that the relation between the acid-fast organisms 


and the Streptothrices closer one than that between the Strepto- 
thrices and the bacteria, perhaps close enough warrant common 
genus for both. 
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EXPLANATION PLATES. 


Fic. 585 hominis young culture. (a) 
Actively growing mycelium; (b) young sprouting piece; (c) fragmentations. 

Fic. 585 hominis III (Foulerton), old, dry culture. and 
(b) above; (c) true spores attached spore-bearing hyphe; (d) isolated 
spores, rod segments, and mycelium undergoing chain sporulation; degen- 
erate old mycelium. 


PLATE 


Fic. Streptothrix 1276 (probably hominis (Foulerton)). (a) Grow- 
ing mycelium; (b) old mycelium undergoing chain sporulation; (c) fragment- 
ing mycelium and its products. 

Fic. pulmonalis. (a) and (b) above; (c) young sprout- 
ing mycelium. 


PLATE I0. 


Fic. Streptothrix gabritschewsky. (a) Fragmentations, coccoid, bacillary, 
marked branching forms hominis and pulmonalis; (b) old 
mycelium. 

Fic. Streptothrix three months culture. Mycelium showing 
coccoid fragmentation. Very pale staining substance between the deeply blue 
staining non-acid-fast cocci; (b) string acid-fast organisms. 

Fic. capre. Strongly bacillary with many acid-fast organ- 
isms, beaded, practically mycelium. (a) Mycelium showing fragmentation; 
(b) acid-fast individuals. 
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